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Several methods have been examined to increase motorists’ yielding to
pedestrians and the distance at which they yield on multilane crosswalks at uncontrolled
locations with relatively high average daily traffic (ADT). A series of 5 experiments
were conducted to evaluate the efficacy of rectangular rapid-flashing beacons (RRFBs) as
effective pedestrian crossing aides. The first experiment found that the RRFBs produced
a significant increase in yielding behavior at all 26 sites located in 3 cities in the United
States. Data collected over a 2-year follow-up period at 22 of these sites plus 14-month
follow-up at an additional 4 sites documented the long-term maintenance of yielding
produced by RRFBs.

A second experiment provides a comparison of RRFBs to a

traditional side-mounted and overhead mounted yellow flashing beacon. This experiment
documents higher driver yielding associated with RRFBs. Data from a third experiment
demonstrated that aiming the RRFBs at a dilemma zone to maximize its salience
increased the efficacy of the system, while another variant was not found to influence the
systems efficacy. A fourth experiment evaluated the RRFB at two locations equipped
with warning systems located in advance of the crosswalk. This experiment found that
the addition of the advance warning system did not increase yielding percentages but did
increase the distance of yielding. A fifth experiment employed lane-restricting markings
placed on the approach to uncontrolled mid-block pedestrian crossings to decrease
motorists’ speed and increase headway. This study was performed to evaluate a

treatment that is a less expensive and aversive form of traffic calming when compared to
traditional means (i.e., speed bumps, humps, and tables, rumble strips, and
roundabouts/traffic circles,) and less expensive than much of the technologically complex
methods of increasing headway (i.e., in-vehicle visual and/or auditory feedback systems
and automated braking). Results have shown a general decrease in speed associated with
an increase in headway. Additionally, the distance between vehicles in parallel lanes,
trajectory, was increased.

General results show the RRFB devices to be effective

countermeasures in traffic management and safety.
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INTRODUCTION

Drivers often fail to yield to pedestrians who have the right-of-way in marked
crosswalks at uncontrolled locations. During the 11-year period ranging from 1998 to
2008, there were a total of 52,895 pedestrian fatalities (Mean=4,809) and 783,000
pedestrian injuries (Mean=71,182) resulting from pedestrian-automobile collisions
nationwide (National Highway Traffic Safety Administration [NHSTA], 1998-2005a &
2006-2008). Of the 52,895 fatalities, 41,190 of them occurred at non-intersection
locations (i.e., mid-block). Decreasing the occurrence of these crashes would increase
the safety and overall walking experience for pedestrians. However, anything less than a
traffic signal has historically failed to produce over 70 percent yielding at crosswalks on
multilane roads. Many of these crashes occur on multilane roads with a high daily traffic
count (Zegeer et. al., 2005). The occurrence of these accidents at such locations is
attributed to roadway design and lack of appropriate traffic calming measures.
Promoting Yielding to Pedestrians
Several techniques and technologies have been used to increase driver yielding to
pedestrians at marked multilane crosswalks. One older technology included the use of
flashing overhead standard yellow beacons (Federal Highway Administration [FHWA],
2003). More recent approaches include the use of in-street signs labeled “YIELD TO
PEDESTRIAN” and in-roadway lights (FHWA, 2003). Ellis, Van Houten, and Kim
(2007) experimented with in-street signs placed vertically in center lanes. The signs were
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placed at the crossing, 20 ft in advance of the crosswalk, and 40 ft in advance of the
crosswalk. These signs showed an increase of two to three times the yielding percentage
over the baseline, with maximum yielding of about 61 percent. However, a study by
Turner, Fitzpatrick, Brewer, and Park (2006) shows that in-street signs do not work well
on multilane roads. Several studies have shown only modest increases in yielding with
in-pavement lighting (Turner, et al.; Panos, 2001).
Turner et al., (2006) evaluated multiple treatments in an effort to increase motorist
yielding. The Turner study included 11 separate treatments at sites across the US. The
treatments evaluated included red signal devices (e.g., mid-block signals), active when
present devices (e.g., pedestrian crossing flags, in-roadway warning lights and overhead
flashing beacons both with push button activation), and enhanced and/or high-visibility
devices (e.g., in-street crossing signs, high-visibility signs, and median refuge islands).
Their study concluded that the most effective treatment for increasing yielding were
devices with a signal indication. The treatment type that was second best, that did not
include a red beacon, were the in-street crossing signs. It should be noted that these
devices were evaluated on smaller two-lane roadways and would not perform as well on
larger arterial roadways. The least effective devices were the high visibility signs (17%).
Increased Yielding Compliance
An inexpensive and effective alternative solution is the pedestrian crossing device
that employs yellow LED rectangular rapid-flashing beacons (RRFBs) that are similar in

2

operation to emergency flashers on police vehicles. Van Houten, Ellis, and Marmolejo
(2008) reported the results of a preliminary evaluation of this device at two multilane
sites in Miami-Dade County, FL. They found that the RRFB produced a large increase in
driver yielding to staged pedestrian crossings (crossings made by research assistants who
crossed in a consistent manner) and that the data obtained with staged crossings
accurately reflected the data obtained with non-staged crossings at these sites.
In a similar study, Shurbutt, Van Houten, Turner, and Huitema (2009) examined
the differential efficacy of using two versus four RRFB devices across four sites in St.
Petersburg, FL. Their study implemented a multiple baseline design with elements of
reversal, which allowed for the staged introduction of the treatment devices. Baseline
data were collected during the absence of the crossing in a manner that provided 25, 35,
45, and 55 data points across locations. Following baseline, the devices were installed
and evaluated by alternating between two RRFB devices (one mounted on each side of
the road) and four RRFB devices (one mounted on each side of the road plus one facing
each direction of traffic on a median island). The devices produced 25 data points per
phase per treatment. Results showed a marked and statistically significant increase in
motorist yielding behavior over baseline for the two RRFB devices and a smaller, yet
statistically significant, increase with the four RRFB devices. The average yielding
compliance, across the four sites, produced by their investigation, were 18% during
baseline conditions, 82% for two RRFB devices, and 89% for four RRFB devices.
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Increased Yielding Distance
Along with increasing the yielding compliance of motorists, it is also important to
increase the distance at which motorist yield. This is particularly important in areas with
high vehicle traffic volumes or ADT. The need for increased yielding distance is
supported by the problem known as a multiple threat or screening phenomenon (Van
Houten, McCusker, Huybers, Malenant, & Rice-Smith, 2006). That is, when a motorist
yields close to the crosswalk on a multilane road they may block the ability of the
pedestrian to see approaching traffic in the lane adjacent to the yielding vehicle as well as
blocking the ability of any approaching motorists in an adjacent lane to see the crossing
pedestrian.
The probability for the occurrence of a multiple threat is positively correlated with
increases of ADT on multilane roadways. This correlation is supported by the probability
that as traffic volume increases the chance that a vehicle will be approaching in a lane
adjacent to the one a driver is yielding in also increases. However, with motorists
yielding at further distances, the screening effect is reduced and thereby decreasing the
chance that a motorist may strike a pedestrian. Van Houten et al. (2006) explains two
additional advantages, other than a decrease in the screening effect, produced by
increased yielding distances. One additional advantage is a reduction in the chance of a
vehicle approaching from behind the yielding vehicle that attempts to pass and go around
the yielding vehicle will not see a crossing pedestrian and not be able to stop. Second,
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there is a decrease in the chance that a yielding vehicle is struck from behind and
propelled forward into the pedestrian.
Shurbutt et al. (2009) also addressed the need for increased yielding distances
associated with pedestrian safety. Their study suggested that placing salient pedestrianactivated lights, e.g., RRFBs, at the crosswalk, produced increased yielding compliance,
and increase in the distance that yielding occurred. This increase being due to the
motorists perceiving the lights at a greater distance and, thus, yielding behavior being
elicited while the motorists are at a greater distance from the crosswalk. Their study
showed that the majority of yielding across all four sites during each condition occurred
at the 30- to 50-ft interval. Yielding increases of 3.1 percent and 8 percent occurred at
more than 30 ft over the baseline for the two-beacon and four-beacon system treatments,
respectively. Yielding at or greater than 100 ft. doubled over baseline during both
treatment conditions while yielding at less than 30 feet continually decreased with each
additional experimental phase.
Motorists’ Speed Reduction
In addition to the two factors discussed related to pedestrian fatalities, e.g.,
increased yielding and increased yielding distance, is the speed at which motorists travel.
The obvious dependent variable related to motorists’ speed is reaction times for both the
motorists and pedestrians and, given that contact between a vehicle and pedestrian(s)
occurs, the severity of injury to the pedestrian. That is, the faster a motorist is traveling
on the approach to a crosswalk, the less time he or she will have to identify and react to a
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crossing pedestrian. If a crossing pedestrian is identified, the motorist will then have two
options. First, if they perceive that an accident is not imminent, they may choose to
brake hard or swerve to avoid the pedestrian. If the pedestrian is watching traffic and he
or she records similar immanent observations as the motorist, then they each must take
evasive action. The ability to effectively take evasive action to avoid an accident is
lowered as vehicle speed increases. Lastly, vehicle speed is an important variable related
to the level and severity of harm to the pedestrian when a collision does occur. A report
by the United Kingdom Department of Transit (TAU, 1993) cited comprehensive data
that reported the level of physical injury (i.e., uninjured, injured, or death) related to
vehicle speed. A summary of the data is provided in Table 1 and displays the
relationship between vehicle speed and level of physical harm to pedestrian.
Table 1
Relationship Between Level of Injury and Vehicle Speed
20 mi/h

30 mi/h

40 mi/h

Death

5%

45%

85%

Injured

65%

50%

15%

Uninjured

30%

5%

N/A

Note. Data adapted from: Traffic Advisory Unit (1993).
Each column represents vehicles traveling at speeds within the columns with the
last column representing vehicles traveling above 40 mi/h but under 50 mi/h. These data
show that for each 10 mi/h increase in speed, the chance that one will suffer fatal injuries
6

drastically increases. As speed increases, so do fatalities and those injured and those who
were uninjured decreases. There were no recordings of uninjured pedestrians struck by a
vehicle going 40 mi/h and no data reported for speeds exceeding 50 mi/h. This is
potentially due to that no one struck by a vehicle traveling at least 49 mi/h is uninjured
and very few of those struck above 50 mi/h survive.
Other variables related to the severity of injury include the type and make of
vehicle, the age and physical condition of the pedestrian, any secondary contact that may
have occurred, i.e., pedestrian is propelled into another vehicle or strikes a hard or soft
surface, and time until medical treatment is received. It is suggested that younger
pedestrians receive lower severity of injuries and are better able to survive and recover
from their injuries than elderly populations. However, since one’s age is not a directly
manipulative variable, it is not within the scope of this investigation.
Approximately 78% of pedestrian fatalities occur at non-intersection crossings,
i.e., mid-block. Much of civil engineering and transportation management has
traditionally had one main goal: To get the largest number of people from one point to
another in the shortest amount of time. However, a negative effect is that it builds an
environment that rewards the use of one’s automobile and punishes, or at the least,
discourages other forms of personal transportation such as walking and cycling. It
rewards motorists in that the environment has been designed with priority given to their
behaviors. It is potentially punishing to pedestrians if they were to be involved with a
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vehicle as a near miss or collision and the additional wait time required for a safe
crossing.
Approaches to Speed Reduction
The need for decreasing motorists’ speed, specifically in urban and suburban
areas, has been addressed by researchers spanning several decades. Numerous measures
have been taken to address vehicle speed. Any measure for decreasing motorists’ speeds,
according to NHSTA (1999a) may be generally defined into one of three categories: 1.)
Enforcement, 2.) Engineering-based, or 3.) Traffic Calming.
Enforcement
Enforcement measures typically involve the use of police enforcement with or
without changing the posted speed limits for a given section or roadway. The tactics used
for speed enforcement consist of the use of police radar devices that use the Doppler
Phenomenon to measure motorist speed. Most radar “guns” operate in either X, K, Ka,
or IR (inferred) band. A radar-like alternative is LIDAR, which uses laser beam
technology to measure speed. Another speed measuring technique used for enforcement
is Vehicle Average Speed Calculator and Recorder (VASCAR). The VASCAR technique
(NHSTA, 2010) uses an electronic device to record the amount of time that is required
for a vehicle to travel between two points of a set distance in which the exact distance is
known. Using simple math, the motorist’s speed is calculated from how long he or she
took to travel a certain distance. An officer using a stopwatch and two known points of
8

reference may also perform the VASCAR technique. Police using helicopter or airplane
enforcement most often uses this technique. Perhaps the newest form of speed
enforcement is the use of Automated Speed Enforcement (ASE). These devices may are
typically installed on the side of the roadway inconspicuously mounted to municipal
poles. ASE typically consists of cameras that are capable of recording vehicle speed and
taking a picture of the vehicle’s license plate. If that speed is above a programmed limit,
the system searches the Department of Motor Vehicle’s database to find the registered
owner of that vehicle. Once the owner and owner’s address is found, the ASE will print
and mail a ticket to that address. While the ASE process requires little manpower and
can produce several citations in a short amount of time, there are two specific behavioral
limitations. First, if a motorist is speeding, they will not know they have been “caught”
and no feedback delivered that they were speeding and thus there is no immediate effect
on the safety of their speed, i.e. decreased speed. Second, once the consequence is
delivered, i.e., speeding fine, it may be so temporally removed from the behavior that it
has a diminished effect on future speeding behavior.
There are four suggested aspects related to speed enforcement and its
effectiveness (NHSTA, 1999a). First, it is suggested that motorists believe, i.e., rulegoverned behavior, that enforcement, i.e., speeding fines, are likely to occur.
Behaviorally, it is suggested that locations where motorists have historically encountered
speed enforcement (i.e., known areas of “speed traps”) will produce locations where
speed is, at least temporarily, slowed. Second, any penalty should be “meaningfully
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costly” (NHSTA, 1999a, p.40). If a ticket is not costly or aversive enough to cause
discomfort, it will have little effect on speed. Next, it is suggested that enforcement be
associated with driving in general rather than any specific time of day. If a given time of
day has historically had more enforcement, then that time of day may serve as a stimulus
indicating that to avoid ticketing, slow down but just for now. Lastly, speed enforcement
should not be associated with any specific cues that signal the presence or absence of
enforcement efforts. Again, behaviorally, this could be explained that certain cues may
come to serve as discriminative stimuli that signals either enforcement is in place, i.e.,
seeing an officer with radar, or that enforcement is not being conducted.
A method that is closely related to traffic engineering measures but lacks
enforcement and any change to the posted speed limit is the use of speed feedback
provided to motorist. Typically, radar devices are mounted to electronic signs that
display speed. Upon a vehicle’s approach, speed is measured with the radar and an
electronic monitor displays their speed large enough for the motorist to view it. These
types of devices are often referred to as “Your Speed Is” signs. An additional sign that
displays the posted speed limit may or may not be attached to the “Your Speed Is” sign.
As the technology involved in these devices becomes cheaper to produce and more
reliable, these signs are becoming increasingly common along roadways.
Speed displays have been found to be moderately effective in reducing speeding.
One study compared speed displays to photo radar. Bloch (1998) found that speed
displays and photo radar both produced 7 to 8 km/hr (about 4 to 5 mi/h) reductions in
10

speeding and were particularly effective in reducing the percentage of drivers traveling
10 mi/h over the speed limit. Supplementing the speed boards with intermittent
enforcement increased their efficacy. Bloch also found that the speed display board
produced better persistence after it was removed than did the photo radar. He also
concluded that the un-enforced speed boards were the most cost effective intervention.
Permanent pole mounted inexpensive solar powered speed signs are currently available.
Van Wagner, Van Houten, and Betts (in press) examined the effects of a speed
activated RRFB on speeding behavior at a curve in the roadway. The RRFB was
attached to a 35 mi/h (56.3 km/hour) sign. The RRFB activated only when vehicles
traveling at speeds above 41 Mi/h (66 km/hour) came within 200 - 300 feet (60.96 –
91.44 m) of the 35 mi/h sign. Results of this study indicate that the RRFB intervention
reliably produced reductions in average speeds over the baseline condition. While
differences in average speeds were modest, the RRFB was only activated when vehicles
approached at speeds in excess of 41 MPH (66 km/hour). This means that any vehicles
traveling less than 6 mi/h (9.7 km/hour) above the 35 mi/h (56.3 km/hour) limit were not
exposed to the treatment. In this way, only the faster vehicles were likely to show speed
reductions.
Van Houten et al. (1985, 1983, 1981, & 1980) conducted several studies that
examined the effects of speed feedback with and without several other variables at
decreasing motorists’ speed. Their findings have shown that feedback (in the form of the
percentage of speeders on a given roadway for a given week) had marked effects over
11

baseline measures and was more effective alone when compared to other single
treatments such as issuing citations or a parked police vehicle. However, combining
speed feedback with any of the other variables further decreased speeding. Another
benefit of their research was the correlation between the feedback campaigns and
decreased vehicle crashes (Scherer, Friedman, Rolider, & Van Houten, 1995).
The most common form of speed management (NHSTA, 2005b) and next major
traffic engineering approach of most speed enforcement campaigns is to reduce the
posted speed by replacing the speed signage with those of a lower number. Historically,
decreasing the posted speed limit has lowered the actual speed limit by only ¼ of the
speed limit reduction. That is, if the posted limit is 55 mi/h and the signed is changed to
45 mi/h, then actual speed will only be reduced by 2.5 mi/h. Page and Lassarre (1994,
cited in NHSTA 1999a) reported on a campaign in France where speed limits reduced
from 37 mi/h to 31 mi/h. However, actual speed decreased from 40 mi/h to 38 mi/h.
An interesting phenomenon associated with increasing speed limits is that an
increased limit in one area may carry-over in effect to other streets with lower speeds.
California, in 1987, increased their speed limits on their highways from 55 mi/h to 65
mi/h. Casey and Lund (1992) studied the effects that this increase had on motorists’
speeds when transitioning from a high-speed road to a low-speed road, i.e., exiting from
an interstate onto a smaller highway. They found that increasing the speed limit to 65
mi/h on some highways increased average speeds by 2-5 mi/h on the 55 mi/h roads.
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Engineering-based
The second category for decreasing motorists’ speed is Engineering-based
approaches. These approaches may include some aspects of the previous category but
they always include some physical change that is engineered to cause motorists to
decrease their speed. These approaches may be the most obvious of any approach in that
there are physical alterations to the roadway. The approaches include vertical deflectors
such as road and speed humps, rumble strips, speed tables, and gateways. Additionally,
horizontal approaches such as roundabouts, traffic circles, and chicanes are also useful.
Speed humps are placed in areas where decreased speed is required for a certain
section of roadway. They usually cover all lanes of traffic and are between 3-4 inches
high. Typically, speed humps are placed in a manner in which they are encountered only
once for any section of roadway. Road humps, however, are smaller in height but wider
in length and may be placed in series. While these two treatments are effective in
reducing speed at precise points, they offer little change to the overall speed of motorists.
Rumble strips are much smaller in height when compared to speed humps/bumps and are
placed in series of 10-20 strips within approximately 2-3 yards of each other. They are
also effective at reducing speed but, again, only at designated areas. One issue that
mitigates against the use of rumble strips in neighborhoods is complaints from residents
who object to the noise associated with their use. Speed tables are raised areas of
roadway, typically as wide as a crosswalk and often used in locations of crosswalks.
Gateways are often restrictions in the width and/or number of lanes when transferring
13

from a roadway into a neighborhood or community. These restrictions often serve to
lower vehicle speeds and may be part of a larger campaign at speed control and traffic
calming that combines vertical and horizontal deflections of the roadway, among other,
techniques (Duany, A., Zyberk, E., & Speck, J., 2000).
Horizontal deflections reduce speed by limiting how straight a roadway is and
sometimes the sight distance of a motorist. Roadways that are engineered straight
provoke and allow for higher speeds then those with many twists and turns. Roundabout
deflections take oncoming traffic from straight roadways and divert them to a circular
path. These approaches typically serve as intersections for multiple roadways but can be
used for a singular roadway. Generally, motorists enter the roundabout, slow their speed,
and travel around it until it is time for them to exit onto their desired roadway. Any
approaching traffic to a roundabout must yield right-of-way to those already in it. Traffic
circles are similar to roundabouts but those approaching are usually not required to yield
right-of-way (NHSTA, 1999a). An additional advantage of these types of deflections,
other than decreased speed, is a decrease in the number of potential traffic conflicts.
Traffic conflicts occur when one vehicle crosses paths with another (i.e., turns).
Chicanes are another form of horizontal deflection that is placed on straight
roadways to reduce speed. Typically, a straight roadway will be deflected with a
temporary change in direction, usually semi-circular, followed by a transition back a
straight roadway. The length and angle of the deflection varies. Lane width is often
narrowed or restricted during the chicane. Also, the ability of a motorist to see much in
14

advance of the roadway may be limited by placing obstructions, such as plants, to further
decrease motorists speed. NHSTA (1999a) reported a study by Sayer et al. (1998) where
142 chicanes were studied with 49 different chicane schemes (i.e., design, size, etc.).
Motorists’ speed was recorded before and during the chicane. Approach speeds averaged
35 mi/h while speeds through the chicanes averaged 23 mi/h. Another benefit discussed
of the chicanes was a 54% reduction in crashes after the chicane was installed.
Traffic Calming and Wide Area Management
The third category of decreasing motorists’ speed is a wide area management
approach known as traffic calming. Traffic calming is the use of elaborate methods of
altering roadway geometry (Duany, Zyberk, & Speck, 2000, p.37) and aesthetics, the use
of community- and city-wide education campaigns, and an emphasis on the planning
process with public input and opinion in effort to improve roadway safety and quality of
life. Traffic calming uses many of the engineering approaches used in the previous two
categories in combination with other design methodologies incorporated into what is
sometimes referred to as New Urbanism. Guidelines of New Urbanism include narrower
streets, on-street parking, requiring slower auto speeds, the use of alleys for utility access,
short curb corner radii at intersections, i.e., decreased corner to corner length required for
pedestrian crossing, (NHSTA, 199a) sidewalks set back from roadways, and larger front
yards with garages assess via alleys. However, it should be noted that such design
features as on-street parking may set occasion for “jet outs”. This occurs when a
pedestrian is screened by on-street parking and jets out into traffic.
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Rather than proliferating roadways with aversive features such as speed humps
and rumble strips, a traffic calming campaign addresses the larger issues of planning and
design. One such issue is that the roadways were built unnecessarily wide with too much
space between intersections (Duany, Zyberk, & Speck, 2000, p.37), which affords faster
speeds between intersections leading to increased chance for pedestrian injuries at midblock locations.
Wide area management addresses many of these issues, their negative effects, and
suggests many recommendations. In addition, this type of management suggests that
many of the problems are caused by what is known as urban sprawl. Sprawl occurs when
development is spread across the landscape far outpaces population growth (Ewing,
Pendall, & Chen, 2002). This establishes an environment that fosters to individuals to
drive more, own more cars, breath more polluted air, and use alternate forms of
transportation less. This also results in a greater risk of traffic related fatalities for
motorists and non-motorists.
An emerging approach to horizontal deflection is the use of lane markings, i.e.,
paint, also referred to as perceptual countermeasures, placed on the roadway in an
attempt to reduce by recreating the effects of other traffic-calming methods, i.e., use of
concrete, barriers, foliage, etc. Virtual lane width reduction, optical speed bars, and
radius enhancements are the three general categories of what is described as perceptual
countermeasures (Federal Highway Administration [FHWA], 2009). Most recently is the
placement of 2D markings that create the illusion of a 3D object.
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Meyer (2004) examined the effectiveness of optical speed bars at reducing
motorists’ speed through highway work zones. The bars placed across the roadway,
perpendicular to roadway direction. The bars’ width varied from 24- to 42-inches (Figure
1). The bar spacing, width between bars, varied from 30- to 51-feet. Results of the
study showed that the average speed of vehicles traveling over the stretch of roadway
where the bars were placed (1/2 mile) decreased by .7 mi/h. This result was found to be
statistically significant, yet of no social significance.

Figure 1. Virtual lane bar placement used by Meyer (2004).
Gates, Xiao, and Noyce (2008) evaluated similar road markings placed during
curved sections of a Milwaukee freeway. The treatment were white bars 18-inches lateral
and 12-inches longitudinally. Their placement differed from the previous study in that
they were across the roadway lane dividers rather than the entire lane. The spacing
between the bars was 25 ft. Results showed an average decrease in speed, while traveling
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through the treatment area of 1000 ft., of 2.9 mi/h and a range of 1.1-5 mi/h. These data
were found to be both statistically and socially significant.
A general review of the literature related to traffic calming and wide area
management seems to offer two general categories of results. The first produces data that
are directly measurable such as the number of pedestrian injuries/fatalities and vehicle
accidents. These measures may be derived from observing traffic-related facts before
and after a campaign. The second type of category is not as easy to directly observe or
record and relates to the quality of life for the residents of communities whom have
adopted a New Urbanism wide area management approach. However, an increase in the
quality of life and the effectiveness of such a campaign may be observed indirectly as a
decrease in injuries and crashes and an increase in pedestrian and neighborhood activity
including population growth, increased town centers, and redevelopment.
Increasing Vehicle Time Headway
The distance between the rear of one vehicle and the front of a preceding vehicle
is known as Time Headway (THW). This distance is measured in units of time and is
more commonly referred to as following distance. Originally, a safe following distance
was defined as having one car length of distance between two traveling vehicles for every
10 mi/h. However, Lee (1976) calculated that it would be safer to estimate the
appropriate safe distance in units of time rather than distance. Lee proposed that the safe
following distance be at least 2 seconds between vehicles. It is also suggested that during

18

conditions of inclement weather of if following a vehicle longer than an automobile that
this distance be increased to 4-6 seconds. This is due to the fact stopping distances are
increased as tire traction with the road surface decreases, i.e., rain, snow, sleet, ice, etc.,
reaction time of motorists’ for braking is increased as visibility decreases, i.e., rain, snow,
low-lighting, dust storms, etc., and larger vehicles such as transport vans, buses, utility
vehicles, large trucks, transfer trucks, etc. require longer distances to brake.
The factual of using the two-second rule are presented in Table 2, and cited in
(Alabama Department of Public Safety [ADPS], 2009). It is shown THW is increased
by approximately 50% by counting two seconds between vehicles rather than estimating
car lengths.
Table 2.
Speed Dependent Distance Between Vehicles
Vehicle

Feet traveled in 1

Distance traveled using 1

Distance traveled

Speed

second

car length

using 2 seconds

30 mi/h

44

60 ft.

89 ft.

40 mi/h

59

80 ft.

117 ft.

50 mi/h

73

100 ft.

146 ft.

Note. Data adapted from Alabama Department of Public Safety (2009).
The additional variable that influences stopping distance is reaction time of the
driver. The reaction time of the driver is comprised of the time involved in the motorist’s
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perception and recognition for a braking need and the behavior of depressing the brake
pedal. Additionally, the quality and condition of the vehicle and, as previously
mentioned, the road conditions all account for the distance that a vehicle requires to come
to a stop.
A number of approaches have been developed to increase vehicle THW. The
advancement of technology has allowed for the advancement, increased dependency and
application of vehicle THW devices. These devices are generally designed with one of
two approaches but each incorporates the use of relative speed, relative acceleration, and
inter-vehicle gap measures. The first approach is to engineer the vehicle so that it
computes THW and applies the proper mechanical changes to prevent accidents, i.e.,
automatic braking. The second approach assumes a behavioral approach in that it
attempts to alter the performance of the vehicle by modifying the behavior of the
motorist. One such behavioral approach uses the technology similar to the engineering
approach to supply information/prompts to motorist, i.e., following distance, speed, and
possible accidents, with heads-up displays and auditory messages.
Benalie, Pananurak, Thanok, and Parnichkun (2009) experimented with an
adaptive cruise control device installed on a sedan. The vehicle was able to determine the
speed of the experimental sedan, the lead vehicle, acceleration speeds, and following
distance. The vehicle was also equipped with DC motors that controlled the throttle and
brakes of the sedan vehicle. It was then able to use the data to either brake or accelerate
depending on what the THW was set to. An additional accomplishment of the study was
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that it eliminated the “jerking” that was often seen in other similar research vehicles when
acceleration and braking occurs.
A more comprehensive approach by Bertolazzi, Biral, Da Lio, Saroldi, and Tango
(2010) used radar, video cameras, GPS, accelerometers, digital maps, and vehicle-tovehicle communication via a wireless network combined with vehicle pedal and seatbelt
controls to relay information to the motorists of potentially impending hazards (i.e.,
decreased THW) related to roadway curvature ahead. It was shown that seatbelt
vibrations were most effective at decreasing speed and preventing impending road
departures and vehicle-vehicle crashes in regard to upcoming roadway curves.
Ayres, Schleuning, and Young (2001) used data-logging technology to study
traffic characteristics and provide a descriptive analysis of vehicle speed and THW of a
large California highway during free-flow traffic and rush hour congested traffic
conditions. Their observations show that THW is much less, approximately 1 second,
during congested traffic. It was suggested that this may be due to motorists need to
decrease gaps and any potential lane change downstream by another vehicle merging in
front of them. However, this is not supported by any substantial data. The average THW
during free flow traffic varied from 3 seconds to 7 seconds, depending on travel lane.
This study suggests the hypothesis that as speeds increase, i.e., free flow, THW also
increases but as speed decreases so does THW.
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Arnold and Van Houten (in press) used a driving simulator to increase headway
of drivers by the use of feedback, goal setting, and prompting. Participants set goals to
maintain a THW of 3 seconds and were provided feedback on their following distances
while they were and were not on cell phones and at the end of sessions, i.e., average
headway. The results of the study showed significant and meaningful increases in
headway both while participants were on and off cell phones. However, removal of the
intervention packaged showed returns to baseline headway distances.
An increase in headway decreases the potential for injury to both pedestrian and
motorist. Increased headway decreases the probability that a yielding vehicle will be
struck from behind by another vehicle and thus propelled into the crosswalk and the
crossing pedestrian. Additionally, this also reduces the potential risk of injury to the
motorists, and passengers, in the vehicle-vehicle crashes, i.e. rear-ended crashes.
Purpose of Study
The purpose of this study was to identify variables related to the efficacy of the
rectangular rapid-flashing beacons (RRFB), determine the long-term effectiveness of the
RRFB, compare the RRFB to side-mounted standard incandescent yellow flashing
beacons, and determine if similar results can be obtained in different regions of the
United States. Each experiment was conducted to produce one or more outcomes. It was
determined to evaluate suggested methods of enhancing both the efficacy of the RRFB
devices at producing yielding behavior by applying additional technology to the device to
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increase yielding levels and increase yielding distances. While much of the previous
research with the RRFB devices took place in one region, it was also the purpose of this
study to investigate its effectiveness in different regions of the US. The final purpose
was to investigate if a different and novel technology could be used to effect speed,
headway, and vehicle trajectory at crosswalks with RRFB installations.
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EXPERIMENT 1

Experiment 1 is comprised of two studies. Each study was designed and carried
out to examine immediate and long-term maintenance of the RFFB devices. The first
study is more comprehensive in regards to long-term in that it evaluates the RRFB
devices at several locations at several points in time followed by a comprehensive
statistical analysis. The second study serves as a follow-up to the four original sites
reported in Shurbutt et al. (2009).
Study 1
Method
Participants and Setting
Participants in the first study consisted of drivers and pedestrians across 21 sites,
with 19 sites in Florida and 2 sites in Illinois. These sites, along with the ADT and
posted speed limit at the crosswalk location, are presented in Table 3.
The first Illinois site is located at Hawley Street east of Atwater Drive in Illinois.
The second site is located at Midlothian Road south of Kilarny Pass Road. Each of these
two locations is at school crosswalks.
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Table 3
Characteristics at Each of the Treatment Sites

Location of Crosswalk
Florida
31st Street and 54th Avenue S
4th Street and 18th Avenue S
22d Avenue N and 7th Street
9th Avenue N and 26th Street
22d Avenue N and 5th Street
Martin Luther King Street and
15th Avenue S
Martin Luther King Street and
17th Avenue N
1st Avenue N and 13th Street
9th Avenue N and 25th Street
1st Street and 37th Avenue N
58th Street and 3d Avenue N
Central Avenue and 61st Street
1st Avenue S and 61st Street
1st Avenue N and 61st Street
83d Avenue N and Macoma Drive
9th Avenue N and 45th Street
22d Avenue S and 23d Street
62d Avenue S and 21st Street
9th Avenue N and 31st Street
Illinois
Hawley Street and Atwater Drive
Midlothian Road and Kilarny
Pass Road
Washington, DC
Brentwood Road and 13th Street
Note. N/A = data not available.

Number
of Lanes

Median
Present

4
4
4
4
4

Yes
Yes
Yes
No
Yes

Posted
Speed
Limit
(mi/h)

Traffic
Flow

ADT

Two-way
Two-way
Two-way
Two-way
Two-way

9,600
17,657
13,524
12,723
18,367

35
35
35
35
35

5

Yes Two-way

12,025

35

5
3
4
4
4
4
3
4
2
4
4
3
4

No
No
No
Yes
Yes
No
No
No
No
No
No
No
No

Two-way
One-way
Two-way
Two-way
Two-way
Two-way
One-way
One-way
Two-way
Two-way
Two-way
Two-way
Two-way

14,336
9,715
12,723
6,216
13,826
12,742
12,742
9,128
4,774
9,343
9,343
5,008
11,982

35
30
35
35
35
40
35
35
35
35
35
35
35

2

No Two-way

9,100

35

4

No Two-way

13,100

35

4

No Two-way

30,000

30
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Apparatus
The treatment in this experiment was a standard pedestrian warning sign with two
rectangular yellow LED flashers attached (Figure 2). The warning sign was either yellow
or yellow-green depending on whether it was a regular sign or a school crossing sign.
Each LED flasher is 6 inches wide and 2.5 inches high and placed 9 inches apart. In
addition, each unit is dual indicated, with LEDs on the front and back. Each side of the
LED flasher illuminates in a wig-wag sequence (left and then right). The left LED
flashes two times in a slow volley each time it is energized (124 ms on and 76 ms off per
flash). This is followed by the right LED, which flashes four times in a rapid volley
when energized (25 ms on and 25 ms off per flash) and then has a longer flash for 200
ms. This flash pattern violates a person’s expectation and results in a pattern that can be
described as a “stutter flash effect.” In addition to the LED beacons, four signs were
installed at each crosswalk. Radio frequency transmitters linked the devices so that
depressing any of the pedestrian call buttons activated the flashers on all four signs. A
flashing LED display facing the pedestrians flashed to indicate to them that the system
was operating. The system also presented an audible message informing pedestrians that
the light flashing across the street indicated that the device was operating and instructing
them to wait for cars to stop before crossing. This message was also visible on a plaque
posted by the call button.
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Figure 2. RRFB with two forward-facing LED flashers and a side-mounted LED flasher
Experimental Design
This experiment used a before-after design. Each session of data collection
consisted of 70 crossings. Because these beacons were introduced at different times at
each site, it is not likely that the resulting changes were due to any uncontrolled
confounding variables such as large scale changes in weather, changes in the level of
police enforcement, or the occurrence of increased publicity that sometimes follows
major pedestrian crashes. After the baseline data were collected, a treatment consisting
of either two- or four-beacon RRFB systems was implemented. This treatment was
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extended in intervals of 7, 30, 60, 90, 180, 270, and 360 days, respectively. Not all sites
were yet reporting data to 360 days.
Measures
During each session, data were collected for pedestrians who crossed the street
when vehicles were present, which could have influenced crossing behavior. Most data
were collected on weekdays during daylight hours when it was not raining. Observers
measured the number of drivers who did and did not yield to pedestrians in crosswalks
and the percentage of drivers who yielded at less than 10 ft, more than 10 ft but less than
20 ft, more than 20 ft but less than 30 ft, more than 30 ft but less than 50 ft, more than 50
ft but less than 70 ft, more than 70 ft but less than 100 ft, and more than 100 ft.
Whether drivers yielded to pedestrians
Observers recorded the percentage of drivers who did and did not yield to
pedestrians. Drivers were recorded as yielding if they stopped or slowed and allowed
pedestrians to cross. Conversely, drivers were recorded as not yielding if they passed in
front of pedestrians but would have been able to stop when the pedestrians arrived at the
crosswalk. The Institute of Transportation Engineers (ITE, 1984) signal formula for
determining the duration of the yellow signal phase was used to decide whether a driver
could safely stop. Calculating the distance before which a driver can safely stop for a
pedestrian is essentially the same problem as calculating the distance that a driver can
stop for a traffic signal that changes to red. Traffic engineers use the signal-timing
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formula, which takes into account driver reaction time, safe deceleration rate, posted
speed, and grade of the road. This formula was used to measure the distance beyond
which a driver could safely stop for a pedestrian by calculating the yellow time and then
multiplying this time by the speed limit to determine a distance. A landmark associated
with this distance was identified for each approach to the crosswalk. Drivers who passed
this landmark before the pedestrian started to cross could be scored as yielding to
pedestrians and not for failing to yield because they might not have sufficient distance to
safely stop. Drivers who were located beyond the landmark when the pedestrian entered
the crosswalk could be scored as yielding or not yielding because they had sufficient
distance to safely stop. When pedestrians first started to cross, only drivers in the first
half of the roadway were scored for yielding. Once pedestrians approached the painted
median, the yielding behaviors of drivers in the remaining two lanes were scored. This
procedure was followed because it conformed to the obligation of drivers specified in the
Florida, Illinois, and Washington, DC statutes.
Staged crossings always followed a specific crossing protocol. First, the staged
pedestrian placed one foot in the crosswalk when an approaching vehicle was just beyond
the landmark distance (this is the measured distance for the vehicle speed, which ensured
a safe stopping distance for drivers traveling at the posted speed). If the driver did not
attempt to stop, the pedestrian did not proceed to cross and scored the driver and any
subsequent drivers as not yielding. If the driver clearly began to yield and the next lane
was free, the pedestrian would begin crossing. The pedestrian always stopped at the lane
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line and made sure the next lane was clear. If a large gap appeared, the pedestrian
finished the crossing. This is essentially the protocol followed by police officers when
they conduct pedestrian-crosswalk-enforcement sting operations. This protocol ensured
the safety of the staged pedestrians. Unstaged pedestrian crossings were only scored if
the pedestrian initiated a crossing in the same manner as the staged pedestrian by placing
at least one foot in the crosswalk. Pedestrians who did not place a foot into the crosswalk
were not scored because according to the Florida, Illinois, and Washington, DC statutes,
drivers are not required to yield unless the pedestrian is in the crosswalk.
Yielding distance
The distances of yielding drivers were also recorded. Each yielding driver
represented a yielding distance. The distance at which a driver yielded was recorded by
observing the colored flag the driver yielded behind. A series of small colored utility-like
flags were placed alongside the curb in each direction of traffic at 10, 20, 30, 50, 70, and
100 ft. The colors of the flags were red, orange, yellow, green, blue, and red,
respectively. This provided a simplified system for recording the distance of yielding
drivers in the following divisions: less than 10 ft, more than 10 ft but less than 20 ft, more
than 20 ft but less than 30 ft, more than 30 ft but less than 50 ft, more than 50 ft but less
than 70 ft, more than 70 ft but less than 100 ft, and more than 100 ft. The distance of a
yielding driver was recorded only after the pedestrian had completely cleared the lane
and was no longer in the path of the vehicle so that the vehicle posed no threat.
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Results
Statistical Analysis
The general statistical methodology used in this study was based on the general
time-series intervention regression modeling approach described in Huitema (in press),
Huitema and McKean (2000, 2000, & 1998) and McKnight, McKean, and Huitema
(2000). However, the specific parameters included in the present model differ from those
used in the earlier work. The statistical model used here was developed to conform to the
nature of traffic data collected in this study. Because it is well known that compliance
with traffic-signal stimulus changes usually occurs rapidly but does not reach an
asymptote immediately, the analysis was designed to model this expected change pattern.
Specifically, the change model contained five parameters. The first parameter
measured the baseline level, the second measured the change from the baseline to day 7,
the third measured the change from day 7 to day 30, the fourth measured the change from
day 30 to day 60, and the fifth measured the slope during the remaining time points
(days). This fifth parameter measured the general trend after the first month of
observations through the final observation month (day 720). An additional parameter
was also included to accommodate possible autoregressive patterns in the errors of the
model. Because this parameter was of limited interest in this study, it is not described in
detail here. The approach used to estimate the parameters of the model is based on a
double bootstrap methodology that accommodates both independent and autocorrelated
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error structures encountered in time-series intervention designs of the type used in
behavioral research (McKnight, McKean, & Huitema, 2000). Certain variants of this
approach have been developed for the analysis of both simple and complex versions of
single-case design (Huitema & McKean, 2000).
The five main parameter estimates obtained in the study are shown Table 4.
Alpha was set at 0.05 before the data were collected, and any p-value that is less than
equal to or 0.05 is statistically significant. P-values are presented to allow the reader to
decide whether the evidence is convincing. There is an immediate and large statistically
significant level change from the baseline to day 7, a small but statistically significant
additional increase from day 7 to day 30, a minor and not statistically significant level
decrease at day 60, and a general trend after day 60 that has little slope across the
remaining observation days. Hence, the evidence for change is overwhelming, and it is
maintained for the duration of the study. There are 144 degrees of freedom for all tests.
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Table 4
Florida Data Estimates of Treatment Effect Parameters and Associated t-ratios and pvalues
Treatment Effect
Parameter
Parameter

Estimate

Baseline level

t-Ratio

p-Value

1.79

Level change day 7

77.25

29.22

0.001

Level change day 30

6.03

2.38

0.02

Level change day 60

–4.26

–1.75

0.08

0.0059

1.62

0.11

Follow-up slope

Note: Certain cells were left blank because only t-ratios and p-values that show a change
from the baseline were included.
Driver Yielding Behavior
The average combined yielding percentage during the baseline of all 19 Florida
sites was less than 1.7 percent. Follow-up data were available for all 19 sites at the 7-,
30-, and 60-day periods. The average yielding percentage of all combined sites was
79 percent after 7 days, 86 percent after 30 days, and 82 percent after 60 days. Yielding
percentages for the 19 sites at 90, 180, 270, and 365 days were 80, 76, 86, and 83 percent,
respectively. The 17 sites that were installed for 2 years showed a yielding compliance of
84 percent 730 days after installation (Table 5).
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Each of the two locations in Illinois has reported data during the baseline and
again 7 and 30 days after installation. The first location, Hawley Street east of Atwater
Drive, produced 19 percent yielding during the baseline, 71 percent 7 days after
installation, and 68 percent 30 days after installation. The second location, Midlothian
Road south of Kilarny Pass Road, produced a yielding percentage of 6.6 percent during
the baseline. The device was activated 7 days after installation, and yielding compliance
increased to 62 percent 30 days after installation. Both of the sites used only two of the
rapid-flash devices.
Distance of Driver Yielding Behavior
Data on the distance of yielding drivers were recorded for both of the Illinois
sites. The total combined percentage of drivers yielding at 30 ft or more during the
baseline for the two sites in Illinois was 83 percent. The introduction of the treatment
device produced increases in the percentage of drivers yielding at 30 ft or more to
94 percent at the Atwater Drive site and 92 percent at the Kilarny Pass Road site.
The Washington, D.C. site on Brentwood Road had baseline yielding of
26percent. The introduction of the RRFB at this site lead to an increase in yielding to 62
percent at 7 days. Yielding at this site was 74 percent at 30 days and 80% at 60 days.
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Inter-observer Agreement
Both observers stood in such a way that they had the same vantage point, but they
were not able to see what the other observer recorded. Dividing the number of times both
observers agreed on the occurrence of each pedestrian behavior by the number of times
they agreed plus the number of times they disagreed on its occurrence computed a
measure of inter-observer agreement. The inter-observer agreement on the occurrence of
a yielding behavior averaged 92 percent with a range of 78 to 100 percent. The interobserver agreement on yielding distance averaged 95 percent.
Study 2
Method
Participants and Setting
The second study took place in St. Petersburg, FL. Participants were those driving
on 1st Street N south of 37th Avenue, 58th Street N south of 3rd Avenue, 22d Avenue N
east of 7th Street, and 31st Street S north of 54th Avenue. The crossing at 1st Street N
traverses four lanes and has a posted speed limit of 35 mi/h and an average daily traffic
(ADT) of 8,596. This location provides a crossing between two bus stops and includes a
median island. The 58th Street N crossing traverses four lanes of traffic and has a posted
speed limit of 35 mi/h and an ADT of 19,192. It also has a median island and provides a
crossing for residents from a nearby retirement center. The 22d Avenue N crossing
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Table 5
Yielding Compliance Results Across Time for Each Site

Site

Baseline

7

30

Day (Percent)
60
90 180

270

365

730

Florida
31st Street and 54th Avenue S

0

54

76

N/A

59

N/A

91

75

83

4th Street and 18th Avenue S

0

63

72

N/A

69

N/A

69

80

80

22d Avenue N and 7th Street

0

97

96

91

93

92

91

98

96

9th Avenue N and 26th Street

0

80

82

85

95

81

88

77

78

22d Avenue N and 5th Street

8

87

89

92

92

87

96

92

95

Martin Luther King Street and 15th
Avenue S

1

86

84

85

82

N/A

89

88

88

Martin Luther King Street and 17th
Avenue N

0

96

94

80

82

83

88

82

83

1st Avenue N and 13th Street

2

85

87

75

78

N/A

91

88

N/A

9th Avenue N and 25th Street

0

86

90

83

90

N/A

88

81

79

1st Street and 37th Avenue N

0

79

87

85

87

N/A

90

97

95

58th Street and 3d Avenue N

0

85

84

85

85

79

92

82

88

Central Avenue and 61st Street

0

94

95

77

73

72

79

67

72

1st Avenue S and 61st Street

5

68

72

73

75

72

90

72

78

1st Avenue N and 61st Street

0

75

75

68

82

42

76

79

83

83d Avenue N and Macoma Drive

0

86

93

91

73

88

84

80

90

9th Avenue N and 45th Street

0

54

91

89

90

80

83

77

78

22d Avenue S and 23d Street

0

89

86

78

77

60

75

81

82

62d Avenue S and 21st Street

0

77

76

77

53

78

81

84

80

9th Avenue N and 31st Street

16

93

95

89

88

82

82

89

N/A

Illinois
Hawley Street and Atwater Drive

19

71

68

N/A

N/A

N/A

N/A

N/A

N/A

Midlothian Road and Kilarny Pass
Road

7

62

62

N/A

N/A

N/A

N/A

N/A

N/A

26

62

74

80

N/A

80

N/A

N/A

N/A

Washington, DC
Brentwood Road and 13th Street

N/A = data not available
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traverses four lanes and has a posted speed limit of 35 mi/h and an ADT of 13,524. It is
equipped with a center island and provides a crossing for neighbor residents and a dog
park. The 31st Street S crossing traverses three lanes at the crossing itself and has a
posted speed limit of 35 mi/h and an ADT of 9,600. It has a median island and provides
a crossing between an overflow parking lot and a community sports complex. Each of
these sites is on a road carrying two-way traffic. All sites have advance yield markings
installed and no-pass solid lane lines in advance of the crosswalks to reduce the risk of
multiple threat crashes. These features were present during the before-and-after
conditions at each site.
Experimental Design
Shurbutt et al. originally used a multiple baseline design with elements of a
reversal in their experiment. The design allowed for control of several possible
confounding variables. Following baseline conditions, the signs were installed and
activated in an alternating series of RRFBs flashing on two side signs and LED beacons
flashing on all four signs upon button activation. In an effort to examine maintenance of
the RRFB device of the original four sites, the author of this study used a similar before
and after design for measuring each location independently. During the first follow-up
phase, the devices were evaluated by activating all four of the RRFBs for 40 crossings.
Next, the devices were evaluated for another 40 crossings similar to a baseline in which
the RRFBs were not activated. An exception was the 31st Street S north of 54th Avenue
site that was only evaluated for 20 crossings without RRFB activation followed by
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another 20 crossings with the RRFBs activated. Following the second phase, the 58th
Street N south of 3rd Avenue and 22nd Street N east of 7th Street sites were reactivated and
evaluated for an additional 40 crossings each.
Measures
During each session, data were collected for pedestrians who crossed the street
when vehicles were present, which could have influenced crossing behavior. Data were
collected on the number of drivers who did and did not yield to pedestrians in the
crosswalks. This measure was observed and scored in the same way as described for the
previous study.
Results
Driver Yielding Behavior
The data collected during each of the follow-up session show that the RRFB
devices were able to maintain a high level of driver yielding behavior during the followup condition. The first original site at 22nd Avenue produced an average yielding
compliance of 99 percent for the four-beacon treatment. The second site at 58th Street N
had an average yielding compliance of 90 percent. The third site at 1st Street N produced
an average four-beacon yielding compliance of 100 percent. The final site at 31st Street
S had an average yielding compliance of 93 percent during the four-beacon system
follow-up evaluation. The third site was evaluated during nighttime conditions as a
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follow-up to previous night evaluations. This location was evaluated for 60 consecutive
crossings with an average yielding compliance of 97 percent. Brief reversals back to the
baseline for the above follow-up locations produced low yielding compliances similar to
pre-installation. The final phase of activation show a change back to high yielding
compliance. These data are shown in Table 6 and Figure 3.
Table 6
Average Yielding Compliance per Condition Including Follow-up for Each Site
Percent Yielding Compliance
Shurbutt et al.

14-Month Follow-up

2

4

Baseline

RRFBs

RRFBs

4 RRFBs

Baseline

4 RRFB

N

28

85

93

99

23

98

Site 2: 58th Street N

11

82

89

90

5

92

Site 3: 1st Street N

18

86

93

100

28

100

Site 4: 31st Street S

15

73

80

93

15

N/A

Average

18

82

89

96

18

95

Location
Site 1: 22nd Avenue

N/A = data not available.
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Figure 3. Mean yielding percentage for each condition
Figure 3 represents all of the data from the four experimental sites averaged
together per treatment condition. The data to the right of the dashed line show yielding
during the follow-up data collected 14 months after installation.
Inter-observer Agreement
Inter-observer agreement on the occurrence of a yielding behavior averaged
92 percent with a range of 85 to 100 percent. The inter-observer agreement on yielding
distance averaged 99 percent with a range of 95 percent to 100 percent. Inter-observer
agreement was recorded for 40 percent of the sessions.
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Night Time Data
Method
14-month follow-up data was also collected during nighttime hours for the 58th
Street N & 3rd Avenue and the 1st Street N & 37th Avenue sites in St. Petersburg, FL. The
same RRFB devices previously evaluated during daytime hours were evaluated using a
similar multiple baseline design with the addition of a standard over-head yellow beacon
being evaluated at the 58th Street N & 3rd Avenue site. Data was recorded on yielding
compliance and yielding distance for 20 crossings per session during original and followup phases.
Results
Yielding Compliance
Baseline yielding compliance averaged 1% at the 58th Street crosswalk location
and 5% at the 1st Street location. The introduction of the overhead standard yellow
flashing beacon was associated with a slight increase in average yielding compliance to
5% at the 58th Street crosswalk. The introduction of the 2-beacon system at the 58th
Street crosswalk lead to an increase in average yielding behavior to 63% while the
introduction of the 2-beacon system at the 1st Street crosswalk was associated with an
increase in yielding to 85%. The introduction of the 4-beacon system at the 58th street
crosswalk and the 1st Street crosswalk lead to further increases in average yielding
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behavior to 89% and 100% respectively at the two sites. The return to the 2-beacon
system at reintroduction of the 4-beacon system at the 1st Street crosswalk was associated
with average yielding behavior of 89% and 99% respectively. During the 14-month
maintenance checks yielding averaged 92% at the 58th Street site and 97% at the 1st Street
site (Figure 4).
14-month Follow-up
Data were recorded 14 months following the initial experiment. The same
variables and procedures were used to record three additional data sheets (i.e., 60
crossings) with all of the RRFB devices activated. The yielding compliance averaged
97.3% with a range of 95.7% to 100%. The majority of yielding occurred at or greater
than 100ft. (26 yields). During maintenance 94.4% of drivers yielded more than 30 ft in
advance of the crosswalk.
Yielding Distance
During baseline 59% of drivers yielded at or behind the yield markings installed
30 feet in advance of the crosswalk at the crosswalk on 1st Street. During both the 2beacon condition and the 4-beacon condition 74% yielding 30 or more feet in advance of
the crosswalk at this site. During the 14 month maintenance measures 84% if drivers
yielded 30 feet or more from the crosswalk. At the 58th Street site only one vehicle
yielded during baseline and 5 yielded during the overhead standard yellow beacon
condition, which is not a large enough sample to be representative of driver behavior.
During the 2-beacon system condition 72% yielded 30 feet or more in advance of the
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crosswalk, and during the 4-beacon system 69% yielded 30 feet or more in advance of the
crosswalk. During the 14 month maintenance measure 84% yielded 30 feet or more in
advance of the crosswalk.

Figure 4. The top frame shows the percentage of drivers yielding to pedestrians at the
58th Street site. The bottom frame shows the percentage of drivers yielding to
pedestrians at the 1st Street site
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Inter-observer Agreement
Observers stood in such a way as to have the same vantage point but so as not to
be able to see what the other person recorded. Dividing the number of times both
observers agreed on the occurrence of each pedestrian behavior by the number of times
they agreed plus the number of times they disagreed on its occurrence computed a
measure of inter-observer agreement. Inter-observer agreement on the occurrence of a
yielding behavior averaged 98.3% with a range of 95% to 100. Inter-observer agreement
on stopping distance averaged 94.2% with a range of 75% to 100%.
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EXPERIMENT 2

Method
The purpose of this experiment was to compare the efficacy of a side-mounted
circular incandescent yellow beacon to the RRFBs mounted at approximately the same
height. Although Shurbutt et al. has shown that the RRFBs are superior to standard overhead mounted circular incandescent lights, it is of importance to compare the RRFBs to
standard incandescent lights mounted to poles on the side of the roadway.
Participants and Setting
Experiment 2 took place in St. Petersburg, FL. Participants consisted of drivers traveling
on 4th Street S and 18th Avenue. It is equipped with a pedestrian-activated standard
side-mounted incandescent yellow flashing beacon system. This roadway traverses four
lanes and has a posted speed of 35 mi/h and an ADT of 9,600.
Apparatus
The treatment in this experiment was a standard side-mounted yellow flashing
beacon. These systems were activated when the pedestrian call button was pressed. The
system has two 12-inch-diameter yellow beacons facing both directions of traffic. The
beacons flash 55 times per minute, and the illumination period of the beacon is 50 percent
of the time.
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Experimental Design
The standard side-mounted incandescent beacon system was compared to the
RRFB system. The baseline consisted of 46 crossings. After the baseline, a side-mounted
standard beacon system was evaluated for 70 crossings at 7- and 30-day intervals. Next, a
two-beacon RRFB system was installed and evaluated for 70 crossings at 7- and 30-day
intervals. All crossings at this site were staged.
Measures
During each session, data were collected for staged pedestrians who crossed the street
when vehicles were present, which could have influenced crossing behavior. Most data
were collected on weekdays during daylight hours when it was not raining. Observers
measured the following behaviors in the same manner as reported in Experiment 1:
•

The number of drivers who did and did not yield to pedestrians in crosswalks.

•

The number of vehicle/pedestrian conflicts that involved evasive action taken by a
driver or pedestrian.

•

The percentage of drivers who yielded at less than 10 ft, more than 10 ft but less
than 20 ft, more than 20 ft but less than 30 ft, more than 30 ft but less than 50 ft,
more than
50 ft but less than 70 ft, more than 70 ft but less than 100 ft, and more than 100 ft.
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Results
Driver Yielding Behavior
Baseline data at 4th Street and 18th Avenue showed zero percent yielding compliance.
Activating the side-mounted standard beacon produced a yielding compliance of 12
percent and 15 percent after 7- and 30 days, respectively. The RRFB system produced a
yielding compliance of 87 percent after 30 days. The RRFB percentages are
representative of a two-beacon system only (see Figure 5).

Figure 5. Relative efficacy of the side-mounted yellow beacon at the
4th Street S site
The yielding distance improved in the absence of the standard flashing beacon
than in its presence. When the standard flashing beacons were activated, a higher
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percentage (1 percent) of drivers yielded at less than 30 ft. However, there were more
drivers yielding during treatment, and this produced a larger number of drivers who
yielded at a closer distance than in the absence of the light. There were 48 drivers
yielding at less than 30 ft during the treatment compared with only 27 drivers who
yielded during the baseline condition. In addition, 5.6 percent of drivers yielded at more
than 100 ft during treatment as opposed to 8.4 percent who yielded at more than 100 ft
during the baseline. The majority of yielding during both conditions occurred between
30 and 50 ft. During the baseline, 41 percent of drivers yielded at this distance, and
43 percent yielded during the standard beacon treatment. The majority of driver yielding
when the RRFB was activated occurred between 30 and 50 ft (44 percent). During the
four-beacon system, the majority of driver yielding was also between 30 and 50 ft
(42 percent). The percentage of drivers who yielded at more than 100 ft more than
doubled from the two-beacon system to the four-beacon system, with an increase from 6
to 12 percent.
Statistical Analysis
For the 4th Street S site, a z-test for proportions was performed. The difference in
driver yielding behavior between the baseline and the standard side-mounted beacon was
significant at the 0.01 level (z = 6.03 with 100 percent confidence level). The difference
in driver yielding behavior between the standard side-mounted beacon and the twobeacon RRFB was significant at the 0.01 level (z = 11.58 with 100 percent confidence
level). The difference in proportions of drivers yielding more than 30 ft between the
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standard side-mounted beacon and the RRFB was significant at the 0.01 level (z = 4.65
with 100 percent confidence level). No test was performed between the baseline and
either condition because no vehicle yielded during the baseline condition. The level of
conflicts observed at this site was not sufficient to perform a statistical analysis at this
site. It should be noted that the low level of conflicts was likely a result of the research
assistant consistently using the safe crossing procedure during crossing. This effect was
most marked during the baseline condition when driver yielding was low.
Inter-observer Agreement
Inter-observer agreement on the occurrence of a yielding behavior averaged
92 percent with a range of 80 to 98 percent and averaged 99 percent on stopping distance.
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EXPERIMENT 3

Method
The purpose of this experiment was to examine if the effectiveness of the RRFB
devices could be increased by adding additional LEDs and by angling or directing the
LEDs of existing RRFB devices towards motorists rather than parallel to the roadway.
LED technology is one that is most visible when viewed straight on but loses perceptual
brightness when viewed from the side.
Participants and Setting
Participants in experiment 3 drove through the crosswalk at 4th Street and
18th Avenue S in St. Petersburg, FL. This location has four through lanes at the
crosswalk with a refuge island in the center median. The location has a posted speed
limit of 35 mi/h and an ADT of 17,657.
Apparatus
The treatment in this experiment is identical to that of Experiment 1. A standard
pedestrian warning sign with two RRFBs with the same light positioning, timing, and
sequence was used. Each unit was dual indicated, with LEDs on the front and back. Each
side of the beacon flashed in a wig-wag sequence (left light on followed by the right light

50

on). The devices were updated with Direct Aim® lighting and the momentary light bar
(MLB).
Direct Aim® lighting angles the LED lights of preexisting units so that the lights,
when activated, do not flash parallel to the roadway but rather flash at an angle that
places oncoming traffic lanes in the direct path of the light (Figure 6). In the figure, the
arrows on the left panel show perpendicular lighting, while the arrows on the right panel
highlight Direct Aim®. This device was developed due to the sensitive directivity of
LED lights. That is, LED lights have a small angle of maximum visibility and effect.
While new LED lighting systems mounted on emergency vehicles are parallel to the
roadway and the vehicle, they remain effective in their purpose. The reason for this may
be that their purpose is to alert all of those directly in front of them to pull off to the side
of the roadway. However, it would seem impossible to place the RRFB lights directly in
the path of oncoming traffic. The MLB device is an addition to Direct Aim® lighting.
The MLB attaches below the Direct Aim® and is activated on a delay circuit. The delay
allows any vehicles in close proximity to the activated crosswalk to clear the crosswalk.
Once this has occurred, the MLB activates with a horizontal arrangement of intensely
bright LEDs. After a moment, the MLB lights fade out.
Experimental Design
In this study, a multi-element design was employed to record driver yielding
behavior in an evaluation of Direct Aim® and MLB devices in an effort to further
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increase driver yielding to pedestrians at a single mid-block crossing. The multi-element
design was chosen due to its ability to evaluate multiple treatments while offering
experimental control. This is accomplished by rapidly alternating between two or more
different treatments in succession after an initial stable baseline has been achieved. The
design allows for the alleviation of any possible confounding or nuisance variables (Van
Houten & Hall, 2001). First, baseline data were collected by having staged pedestrians,
i.e., researchers, cross as the drivers’ yielding behavior was recorded for 70 crossings.
After this, data were collected on the preexisting RRFB device for 70 crossings at 7, 30,
270, and 365 days. The third stage involved the installation of Direct Aim® LED lights
along with an MLB to the RRFB. After installation, baseline data was once again scored
for 3 data sheets each consisting of 20 crossings.

Figure 6. Perpendicular lighting (left panel) and Direct Aim® lighting (right panel)
The MLB device was installed with a cutoff switch to allow for a quick transition
between Direct Aim® and Direct Aim® plus MLB. A coin flip was used to decide which
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device was to be evaluated first. After Direct Aim® was evaluated for 20 crossings, the
switch was flipped, and the MLB was evaluated for 20 more crossings. This collection
procedure was reproduced 5 times per condition, producing 100 crossings per condition.
Results
Statistical Analysis
A z-test for proportions was used to test for differences. The percentage of
drivers yielding in the RRFB with the Direct Aim® condition did not differ from the
percentage yielding in the Direct Aim® plus MLB condition at the 0.05 level (z = 0.43
with 66.6 percent confidence level one tail test). However, the RRFB with Direct Aim®
was associated with higher yielding than the parallel aim RRFB at the 0.05 level (z = 1.74
with 95.9 percent confidence level one tail test).
The percentage of drivers who yielded to pedestrians during the baseline
condition was zero percent. The average yielding compliance 7 days after RRFB
installation increased to 33 percent. Yielding compliance continued to increase to 72
percent 30 days after installation. Average yielding compliance increased to 69 percent
after 180 days and remained unchanged 270 days after installation. Yielding compliance
365 days after installation averaged 80 percent (Figure 7 and Figure 8). The average
yielding compliance during the duration of the RRFB with perpendicular lighting was
about 80 percent.
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The change from perpendicular LEDs to Direct Aim® lighting produced an
average increase of 89 percent. Sessions including the MLB produced an average of
86 percent. These averages included 100 crossings per condition.

Figure 7. Yielding compliance for Experiment 4 located at 4th Street and 18th Avenue S
in St. Petersburg, FL
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Yielding Compliance: Direct Aim® vs. Direct Aim® + MLB
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Figure 8. Yielding compliance during baseline and each experimental treatment at 4th
Street and 18th Avenue S in St. Petersburg, FL
Inter-observer Agreement
The inter-observer agreement on the occurrence of a yielding behavior averaged
97 percent with a range of 83 to 100 percent. The inter-observer agreement on yielding
distance averaged 97 percent with a range of 95 percent to 100 percent. Inter-observer
agreement was recorded for 40 percent of the sessions.
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EXPERIMENT 4

Method
The purpose of this experiment was to evaluate if placing additional RRFB
devices in advance to those located at the crosswalk would have an effect in motorists’
yielding compliance and yielding distance.
Participants and Setting
In Experiment 4, participants consisted of drivers who traveled on and pedestrians
who crossed at 1st Avenue N and 61st Street in St. Petersburg, FL. The St. Petersburg,
FL site is a one-way avenue where the crosswalk traverses three lanes and has a posted
speed limit of 35 mi/h and an ADT of 12,245. This site does not provide a median for
crossing pedestrians.
Apparatus
The treatment in this experiment is identical to the RRFB device of Experiment 1
with the exception of an additional sign placed in advance of the crosswalk. The
additional sign is a standard pedestrian silhouette sign in St. Petersburg, FL., each
equipped with two LED flashers with the same light positioning, timing, and sequence as
the RRFB devices used at the crosswalks. After approximately 1.5 s, the devices located
at the crosswalk would then become activated. The advance sign in St. Petersburg, FL,
was located approximately 2.5 times further than the ITE threshold (368 ft.).
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Experimental Design
The experiment conducted at 1st Avenue N and 61st Street in St. Petersburg, FL
used a multi-element treatment design. During the baseline condition, driver yielding
compliance and the distance of yielding were collected for 6 sessions, each consisting of
20 crossings. Following the baseline condition, each treatment condition was then
evaluated for 20 crossings per session. Each session was alternated with the other in
rapid succession. The RRFB units alone were evaluated first for 20 crossings. Following
this phase, the advance-warning devices were turned on and evaluated in addition to the
RRFB units at the crosswalk for 20 crossings. This method was repeated until each of
the treatment conditions had been evaluated five times. Following data collection of the
treatment conditions, a return to the baseline was observed for 20 crossings.
Results
Driver Yielding Behavior
The average yielding compliance at the St. Petersburg, FL location during the
initial baseline recording was 8.6 percent. The yielding compliance during the initial
baseline ranged from 0.8 to 17 percent. The RRFB unit alone produced yielding averages
of 95, 85, 83, 100, and 95 percent per session. The average yielding compliance during
the RRFB at the crosswalk alone was 92 percent. The RRFB plus advance warning
device had yielding averages of 93, 92, 98, 79, and 96 percent, respectively. The average
yielding compliance during the RRFB plus advance warning condition was 92 percent
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(Figure 9). A return to baseline conditions for 20 consecutive crossings produced a
yielding compliance of zero percent. The number of vehicles observed as not yielding
during the return to baseline conditions was 344.
Statistical Analysis
A z-test for proportions was used to test whether the RRFB alone or the RRFB
plus advance warning sign produced more yielding. The results were not significant at
the 0.01 level (z = 0.26 with 39.7 percent confidence level.
Driver Yielding Distance Behavior
The St. Petersburg, FL site had an average baseline yielding percentage of
50 percent for drivers who yielded at 30 ft or more. No drivers yielded at more than 100
ft during baseline for this location during baseline. During the crosswalk alone condition,
the average percentage of those yielding at 30 ft or more was 83 percent. The crosswalk
plus advance warning condition saw a slight increase in yielding to 84 percent. However,
the percent of drivers yielding at or greater than 100 ft during the crosswalk alone and
crosswalk plus advance conditions were 39 percent and 49 percent, respectively. The
absence of LED devices at this site was associated with a large proportion of driver
yielding at 30–50-ft, with a yielding compliance of 37 percent. Drivers yielding farther
in advance of the crosswalk can be expected to improve the safety of pedestrians (Figure
10).

58

100

90

Baseline

Yielding Compliance (Percent)

80

RRFB at
Crosswalk
Alone

70

60

RRFB at
Crosswalk &
Advance Sign

50

40

30

20

10

Return to Baseline

0

Figure 9. Yielding compliance during the baseline and the RRFBs at the crosswalk alone
versus the RRFB at the crosswalk plus the RRFB at the advance sign in St.
Petersburg, FL
Inter-observer Agreement
The inter-observer agreement on the occurrence of a yielding behavior averaged
93 percent with a range of 87 to 100 percent. The inter-observer agreement on yielding
distance averaged 99.6 percent with a range of 97 percent to 100 percent. Inter-observer
agreement was recorded for 50 percent of the sessions.
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Figure 10. Average yielding percentage during the RRFBs at the crosswalk alone and
the RRFBs at the crosswalk and on the advance sign in St. Petersburg, FL
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EXPERIMENT 5

Method
The purpose of this experiment was to evaluate the effect of applying novel lane
markings had on vehicle speed, motorists’ headway, and trajectory. It was the purpose of
the lane markings to reduce motorists’ speed, increase following distance or time
headway (THW), and to increase the distance between vehicles in parallel lanes as they
pass through the crosswalk.
Participants and Setting
This experiment took place at two crosswalks controlled by an RRFB located in
St. Petersburg, FL. Participants consisted of drivers traveling on 9th Avenue N and 31st
Street and Central Avenue and 61st Street. The 9th Avenue N site traverses four lanes, has
a posted speed limit of 35 mi/h, and an ADT of 11,300. This site is located on the corner
of four blocks. It provides four crosswalks, i.e., one connecting each corner. However,
only the crosswalks on the major approaches, e.g., 9th Avenue N, were manipulated. This
site is located in a residential area. The Central Avenue site traverses four lanes, has a
posted speed limit of 40 mi/h, and an ADT of 14,200. This site is located in an area
occupied by offices, business, and an elementary school. Neither of the sites offers a
median for crossing pedestrians. Each of these sites is on a road carrying two-way
traffic. All sites have advance yield markings installed and no-pass solid lane lines in
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advance of the crosswalks to reduce the risk of multiple threat crashes. These features
were present during the before-and-after conditions at each site.
Treatment
The treatment in this experiment was the application of a novel lane-marking
scheme that uses painted lines and chevrons to redirect, or divert, vehicle traffic (Figure
11). The paint used was white, non-reflective, and 4-inches wide. The paint was also
designed as to fade away within a couple of weeks. The paint was installed in a manner
that would begin to diverge traffic lanes on the approach to the crosswalks. Due to the
fact that one of the research sites has a higher posted speed limit, e.g., Central Ave & 61st
Street, the layout that site was slightly different but the overall design was identical at
each site.
The first site at Central Avenue and 61st Street also has 11.5 feet wide travel
lanes. After installation of the paint, the width of the lanes at this site was decreased to
10 feet. This provided a base of 4 feet between lanes, at 50 feet in advance of the
crosswalk. The overall length of the markings at this site was 250 feet (Figure 12). This
provided a base of 3 feet between lanes, at 30 feet in advance of the crosswalk. It was
important to have the base located 30 feet in advance of the crosswalks because this is
where the advance-yield markings are located. The second site at 9th Avenue and 31st
Street has 11.5 feet wide travel lanes. After installation of the paint, this width was
narrowed at the crosswalk to 9.5 feet lanes. The overall length of the markings at this first
site was 153 feet. That is, the markings began to divert from one another 183 feet in
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advance of the crosswalk, i.e., 153ft. markings+30 ft. advance-warning markings, (Figure
13).

Figure 11. Picture of lane-diverging paint scheme on approach to crosswalk
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Figure 12. Engineer’s illustration of lane-diverging paint installation at Central Avenue
& 61st Street
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Figure 13. Engineer’s illustration of lane-diverging paint installation at 9th Avenue N &
31st Street
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Nu-Metrics’ Hi-Star model NC-97 traffic loggers were also used to measure
vehicle speeds. These devices are often used in transportation engineering studies.
These devices are placed on the roadway surface and are preprogrammed to measure set
variables for a set period using 3MB of internal memory. The traffic loggers utilize
Vehicle Magnetic Imaging (VMI) technology. Each counter measured approximately 7
inches long, 4.5 inches wide, and .5 inches high. Lastly, JVC Everio G GZ-MG330 Hard
Disk video recorders were used for recording and analyzing video of traffic. The video
recorders were mounted to tri-pods at a level of 5 feet.
Experimental Design
There were two experimental designs used in this study. First, video recorders
were used to measure vehicle trajectory in a multiple baseline design across two sites.
An engineered drawing was obtained that provided the layout and dimensions of the lane
markings. Using this drawing, high-visibility orange paint was used to place arrows on
the pavement to identify where the base of the markings would be (Figures 12 & 13).
However, the orange markings were placed on the crosswalk and not where the base was
to be located (30-feet in advance of the crosswalk at the advance-yield markings). These
markings served as a referent of where the base would be if it continued the additional 30
feet. Additionally, placing the orange markings on the crosswalk allowed for easier
recognition against the white background of the crosswalk’s pedestrian blocks. A
cardboard stencil was used to assure that each arrow was painted to the same dimensions.
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The arrows were each approximately 8 inches long and 3.5 inches wide. The highvisibility orange paint provided reference points, recorded by video, for collecting
baseline, or pre-lane-restructuring, data. Orange was selected due to its ability to be
recorded and seen on screen and that motorists’ often encounter several types of orange
road markings. Therefore, this color was not likely to alter motorists’ behavior.
Baseline data was recorded at the first site for 5 sessions lasting approximately 30
minutes each. Baseline data for the second site was recorded for 8 sessions lasting
approximately 30 minutes each. Following baseline at the first site, the lane markings
were installed while baseline continued at the second site. After the lane markings were
installed, video recording resumed and video data were recorded for 8 additional 30minute sessions. Following baseline and lane marking installation at the second site, the
recording of video data resumed for 8 additional 30-minute sessions.
The second experimental design was a before-after design using traffic-counters.
Before the lane markings were installed, the traffic-counters were placed on the roadway
and recorded data for one 24-hour period. After this period, the devices were removed
for data extraction. Following the installation of the lane markings, a new traffic-counter
was installed on the roadway and recorded the same variables for another 24-hour period.
This procedure was repeated in the same manner for each site.
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Measures
Vehicle speed, time headway (THW), and trajectory were each measured as part
of this study. Vehicle speed and THW were measured together by the traffic-counters
while trajectory was evaluated using data recorded by video.
Vehicle Speed and THW
The Nu-Metrics’ Hi-Star model NC-97 traffic loggers were used for recording
vehicle speed and THW. The traffic loggers are attached to a PC where they were
programmed to start recording at a certain time (i.e., 10:00 hours). They were also
programmed to measure the speed of each passing vehicle and the time that elapsed
between each vehicle passing over the traffic logger. Once the programming was
complete, the traffic loggers were taken to each research site. Each site required 8 traffic
loggers since each site had 4 lanes and there were before and after conditions. The time
required to place each traffic logger on the roadway was about 1 minute. The traffic
loggers were held in place by an epoxy-type glue substance. Once the programmed time
had elapsed, the traffic loggers were removed and reconnected to the PC. The PC used
Nu Metrics’ Quixote Transportation Technologies Highway Data Management Version
9.0 for Microsoft Windows software to download and analyze the traffic loggers recorded
data. Additionally, the traffic loggers report on roadway temperature and precipitation
amounts during each device’s recording periods.
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Vehicle Trajectory
Video data was extracted from the recorders and copied onto DVDs so that they
could be replayed on TV for analysis. The trajectory of a vehicle was recorded as the
number of base units the vehicle’s tire is in relation to the orange markers painted on the
roadway surface. This is a measurement of a vehicle’s longitudinal placement. Each
research site was multidirectional. However, only one direction, the same direction, was
recorded for video analysis. This was due to the lane markings in one direction matching
those of the opposing lanes for that site. However, the markings from one site varied
slightly to that of the other because the posted speed limit at one site was 5mi/h more
than the other and engineering-warrants, the base of the markings at one crosswalk was 3
feet and 4 feet at the other.
The fundamental measurement for the analysis of all video data is referred to as
the base-unit. Since the width of the markers from the same site and same video would
appear different on different sized TV screens, it was important to derive a method that
would allow for the consistent and accurate measurement of trajectory dependent relation
to the orange markers. Since it is known that each pedestrian box, found in the crosswalk,
is actually 1-foot wide, each, it is possible to derive how many millimeters on any given
screen equals 1 actual foot (Figure 14).
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1 foot

Figure 14. Video image of pedestrian crossing blocks
By placing a ruler against the TV screen, it is possible to record the distance
between the beginning and end of a pedestrian box, in millimeters. Once this
measurement is made, it is known how many mms on screen equals 1 foot at the
experimental site (Figure 14).
In the example above, the on-screen distance of the pedestrian box is 9.25 cm or
92.5 mm. Therefore, the base measurement for this video is equal to 92.5 mm. Since this
measurement represents 1 foot of actual distance, it would be of importance to have a
measurement more accurate than 1 foot. The base unit is divided and multiplied by .25 to
allow for on-screen measurements that equal 3 inches of actual distance. Therefore, in
the example given, the base unit of 92.5 mm would produce base units of .25 base units
(bu)= 23.125 mm, .5 bu = 46.25 mm, .75 bu = 69.375 mm, and 1bu = 92.5 mm… (Figure
15). However, it would be impossible for assistants to measure distances in millimeters
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beyond .5 mm. Therefore, measurements were rounded to the nearest half. A
measurement of 23.125 mm would be rounded to 23 mm.

Figure 15. Illustration of base units derived from actual measurements in referent to
example
After the base units for a video file is identified, the orange markers were then
identified on the screen (Figure 16). Each video will have two orange markers: one
representing the left side of the base and the other the right. Therefore, a vehicle will be
scored as being in either the left or right travel lane. Additionally, within each lane
measurement the vehicle is scored as being a positive or negative number. Vehicles are
scored as negative units if they are inside the orange markers and positive if they are
outside.
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Figure 16. Identification of left and right orange markers on roadway surface
Before measurement can begin, it is also important to establish perceptual points
of reference that serve as lines of convergence. This is particularly important since the
video data was recorded at an angle from the side of the roadway. It would be virtually
impossible to record video of traffic from a straight-on manner without positioning
oneself or equipment in the vehicle’s path or on a bridge over the roadway. Establishing
a point of reference on the TV screen from measurements and angles that are known to
exist at the research location affords accurate and consistent measurements. Figure 16
identifies the location of the orange marker of reference. It is from this point that
vehicles to the left are positive values and those to the right are negative. However,
measuring with a ruler straight across the screen would not be accurate because, again,
the video is filmed at an angle. Therefore, the measuring device must be held at an angle
that is perpendicular (i.e., 90°) to the flow of traffic. This could easily be accomplished
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by placing the measuring edge of the ruler so that it aligns with all of the bottom edges of
the pedestrian boxes since each box has square corners perpendicular to traffic and long
edges parallel with traffic. However, it is not always possible to pause the video and
record a vehicle’s placement in reference to the orange marker due to a vehicles speed
and positioning on a frame-by-frame basis. Therefore, the screen must be set-up in a
manner that allows for placement of the ruler at any point along the long side, e.g., nonparallel line in Figure 17, and record an accurate measurement. Additionally, the closer
the vehicle is to the orange marker, the more accurate the measurement.
It is also of methodological importance to have an accurate and consistent point of
measurement on each vehicle. If it is possible to have an accurate measurement by
measuring from the leading edge of a pedestrian block, i.e., yellow line, there must be
another equally accurate point. The point must be the same for each vehicle and be a
point of the vehicle that defines the point between a pedestrian be struck or not struck.
For example, although a side-view mirror may be the first part of vehicle to strike a
pedestrian, they cannot be used because different vehicles have mirrors with varying
dimensions. This point is located on the leading edge of the inside front tire of the
vehicle. The point of the front inside tire, i.e., the right-on-screen tire for the left lane and
the left-on-screen tire for the right lane, serves as an accurate measurement no matter the
speed, height, or width of the vehicle or the circumference, height, or width of the tire
because this is the point where contact between the tire, the vehicle, and road occurs
(Figure 17). The uppermost parole line in Figure 20 demonstrates proper angle of the
measuring ruler as well as the points in which to measure. The blue line is aligned along
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all edges of the pedestrian box. This provides assurance that the green line is parallel to
the blue line and thus at the proper angle. Additionally, since this vehicle is in the left
lane (when facing the TV), and the vehicle’s tire is to the left, or outside, of the marker,
the measurement would be positive.

Figure 17. Illustration of two measuring points, orange marker, and lines of reference
The logic for establishing reference points for vehicles in the left travel lane also
works for those in the right travel lane. In fact, only one blue line of reference that spans
the screen from the left orange marker to the right orange marker works. A line of
reference can be established on the right side similar to that on the left which allows for
measuring methodology similar to that for vehicles in the left travel lane (Figure 18).
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Figure 18. Illustration of reference points and lines for measurement of vehicles in the
right lane
Once the required base units were derived and the on-screen reference points and
lines were established, they were marked on the screen using masking tape and clear tape.
This allowed for a constant straightedge representative of the blue line and each yellow
line (Figure 18). Masking tape was used for the blue line and clear tape for the yellow
lines. Clear tape was used because it was transparent and allowed for measurement of a
vehicles tire if it was either on the positive or negative side. Figure 19 illustrates a screen
that has tape adhered corresponding to the super-imposed lines of reference. A more
complete set of research methodology is found in Appendix A.
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Figure 19. Illustration of on-screen tape and superimposed lines of reference
Results
Vehicle Speed and THW
During baseline, the average speed of motorists was 36.5 mi/h at the first site.
Average speed increased by 3 mi/h during the 24-hour period following the lane
markings were installed to 39.5 mi/h. Baseline speed at the second location averaged 40
mi/h. This number decreased to 36.8 mi/h following the installation of the lane markings.
This was a decrease in speed of 3.2 mi/h.
The average THW for the first site was 12 seconds during both baseline and
treatment conditions. The second site reported average THW of 14 seconds during
baseline and 15 seconds after the installation of the lane markings. Table 7 provides
detail data of these two sites.
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Table 7
Before and After Data of Each Experimental Site
Central Ave N @ 61st Street BEFORE (40 mi/h)
Lane

ADT

85th Percentile (mi/h)

Avg

% Speeding

THW (seconds)

EB Curb

2994

48.7

39

28.04

13.5

EB Center

3740

48

39

26.4

11.5

WB Curb

3324

44.3

36

11.96

11.9

WB Center

4068

39

32

1.82

9.9

Central Ave N @ 61st Street AFTER (40 mi/h)
Lane

ADT

85th Percentile (mi/h)

Avg

% Speeding

THW (seconds)

EB Curb

2952

46.9

37

20.1

14.7

EB Center

3945

49.4

41

37

10.6

WB Curb

3149

47.6

39

23

12.2

WB Center

4524

49.6

41

36.9

9.5

9th Ave N @ 31st Street BEFORE (35 mi/h)
Lane

ADT

85th Percentile (mi/h)

Avg

% Speeding

THW (seconds)

EB Curb

204

44.9

38

40.8

17.6

EB Center

264

48.3

42

63.9

13.6

WB Curb

316

45.1

39

48.2

11.4

WB Center

259

47.3

41

61

13.9

9th Ave N @ 31st Street AFTER (35 mi/h)
Lane

ADT

85th Percentile (mi/h)

Avg

% Speeding

THW (seconds)

EB Curb

199

36

30

3.8

18

EB Center

241

47.7

40

50.2

14.9

WB Curb

324

42.9

37

26.5

11.1

WB Center

247

46.3

40

51.2

14.5
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Vehicle Trajectory
The average positioning of motorists in the left travel lane at the first site was .27
ft. positive and .98 ft. negative during baseline. This means that the average distances of
motorists in the left lane were about 3 inches to the left of the orange marker and 1 foot to
the right. These averages changed to .59 ft. and .85 ft., respectively, after installation of
the lane markings. This means that motorists’ trajectories shifted towards the left (i.e.,
curb side). The average positioning of motorists in the right travel lane at the first site
was 1.15 ft. positive and .18 negative during baseline. These averages changed to 1.29 ft.
and .39 ft, respectively, after installation of the lane markings. This means that although
the distance to the positive side of the orange marker slightly increased, so did the
negative. Again, the purpose was to farther separate the trajectories of motorists as the
pass through the crosswalk by increasing the positive distances and decreasing the
negative.
The average positioning of motorists in the left travel lane at the second research
site was .69 ft. positive and .49 ft. negative during baseline. These averages changed to
1ft. positive and .43 ft. negative after installation of the lane markings. The average
positioning of motorists in the right travel lane was .66 ft. positive and .54 negative
during baseline. These averages changed to 1.05 ft. positive and .28 ft. negative after
installation of the lane markings. This means that traffic for both lanes at this site was
shifter away from the centerline. The motorists’ trajectories in the left lane shifted to the
left and those of the right lane shifted to the right, thus, widening the space between
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vehicles as the pass through the crosswalk. Each session’s positive and negative averages
across sites for left and right lanes are presented in Figures 20 and 21, respectively.
Another way to analyze the results is to look at the effect the lane markings had
on the average distance between vehicles in parallel lanes. During baseline at Site 1, the
average distance between parallel vehicles was 51.1 inches. This is slightly wider than
the 4 ft. wide base of the lane markings. The installation of the lane markings was
associated with a slight increase to the average distance between vehicles to 55.7 inches.
The logic for these calculations is provided. During baseline at the first site, the average
positive and negative distances for the left lane were .27 and .98, respectively. These
numbers added produce a numerical value of .71 negative. This value translates into 8.5
inches to the negative side of the orange marker for the left lane. The same calculations
for the right lane produces an average distance of .97 positive which translates into 11.6
inches positive, or, to the right of the orange marker in the right lane. Since the distance
between the two orange markers, at this site, is 4 ft. (48 inches), we subtract 8.5 inches
from that number from the left lane average but add 11.6 inches for the right lane
average. These calculations equal 51.1 inches or about 4 ft. 3 inches for baseline at Site
1. Using the same logic and the data from the treatment condition at Site 1, this number
increases to 55.7 inches, or over 4 ft. 7.5 inches. This means that the treatment is
associated with a 4.5-inch increase between the distances between vehicles at Site 1. The
average distance between vehicles at Site 2 during baseline was 39.75 inches. The base
distance between the orange markers at this site was 3 feet (36 inches). The average
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distance between vehicles at this site increased to 52 inches after installation of the lane
markings. This is an increase of over 1 foot.

Figure 20. Graph of vehicle positive parallel placement (left and right lanes) before and
after lane markings across sites
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Figure 21. Graph of vehicle negative parallel placement (left and right lanes) before and
after lane markings across sites
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Statistical Analysis
A students t-test was performed on the before and after vehicle trajectory data.
Each lane’s positive and negative values for before and after the installation of the lane
markings to test for significant increases in positive distances and decreased negative
distances. At Site 1, there was a significant increase in positive distances and a
significant decrease in negative distances for the left lane at the 0.01 level (t=4.06 and
t=2.46, respectively). While there was also a significant increase in positive distances for
the right lane at the Site 1 at the .001 level (t=3.32), there was a non-significant increase
in negative distances at this site. At Site 2, there was a significant increase in positive
distances for the left lane at the 0.01 level (t=9.2) and a non-significant decrease in
negative distances for the left lane at this site. There was a significant increase in
positive distances for the right lane (t=8.16) and a significant decrease in negative
distances for the right lane (t=2.71) at Site 2 (Table 8).
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Table 8
Statistical Results of Before and After Conditions for Positive and Negative Values of Left
and Right Lanes Across Site 1 and Site 2
Lane
Mean
SD
SEM
N
t=
M1-M2=
P-value
Lane
Mean
SD
SEM
N
t=
M1-M2=
P-value

Lane
Mean
SD
SEM
N
t=
M1-M2=
P-value
Lane
Mean
SD
SEM
N
t=
M1-M2=
P-value

Before
Left +
0.27
0.4706
0.0547
74

Right +
1.15
0.7175
0.0338
452

Before
Left +
0.68
0.5121
0.021
598

Right +
0.66
0.5432
0.0297
335

SITE 1
After
Left +
0.59
0.7065
0.0288
600

Before
Left .98
0.6983
0.037
356

Right +
1.29
0.8284
0.0219
1427

Right 0.18
0.2567
0.0321
64

4.0615
-0.3427
0.0001

3.3194
-0.1439
0.0009
SITE 2
After
Left +
1.00
0.5839
0.027
474
9.243
-0.3098
0.0001
Right +
1.05
0.6624
0.0341
378
8.1632
-0.3732
0.0001

Before
Left 0.49
0.5876
0.037
256

Right 0.54
0.6818
0.048
202

2.4587
0.1279
0.0141

1.007
-0.0882
0.3145

0.4754
-0.0451
0.6348

2.7064
0.2414
0.0072

After
Left 0.85
0.8655
0.0304
810

Right 0.39
0.6908
0.0376
338

After
Left 0.43
1.024
0.122
70

Right 0.28
0.3999
0.0496
65

Note. Purpose of this study was to increase positive mean values and decrease negative
mean values.
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Inter-observer Agreement
Multiple assistants were given identical DVD copies for review. Once each
assistant scored their DVDs, they were compared to each other in order to compute interobserver agreement (IOA). Each video was filmed in a manner that did not show the lane
markings, but just the crosswalk. This prevented the assistants from knowing if they
were observing baseline or treatment video. IOA was recorded in regards to the number
of agreements in positive or negative distances scored for each vehicle. Each site
received IOA for before and after conditions for at least 20 percent of the total number of
vehicle scored. The average IOA was 81 percent with a range of 75 percent to 90
percent.

84

DISCUSSION

The results of the first experiment showed that the RRFB was highly effective in
increasing yielding behavior at a large number of sites located in three cities in the United
States and that these effects were maintained over time at each location. The second
experiment compared the RRFB with a side-mounted traditional yellow flashing beacon.
The results showed that the RRFB system was more effective at increasing motorists’
yielding behavior than the traditional beacon system. The third experiment showed that
the use of Direct Aim® lighting increased yielding compliance but the MLB did not. The
fourth experiment showed that the use of RRFB devices, with the addition of advance
warning devices placed before the crosswalk, did not increase yielding compliance but
increased the distance that drivers yielded in advance of the crosswalk. The fifth
experiment showed that the installation of the lane markings had mixed results related to
vehicle speed and time headway (THW). The lane markings were associated with an
increase in vehicle trajectory.
All comparisons of different systems or variations of the same system (i.e., Direct
Aim® and MLB) were conducted at the same sites, eliminating site characteristics as a
confounding variable. Another strong point of this study was the large number of
systems installed and evaluated.
Another important finding from this study was the increased percentage of drivers
yielding well in advance of the crosswalk. This effect should be expected because of the
signs’ visibility to all drivers and not only those in the direct field of vision of the
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pedestrian. The results of Experiment 4 showed that the addition of the advance-warning
device increased those yielding at or greater than 100 feet from 39% to 49%. This
increase should be associated with decreases in vehicle accidents, i.e., rear-end crashes.
One possible explanation of why the RRFB system produced such a larger
increase in driver yielding over baseline is that it produced a novelty effect where an
unfamiliar stimulus that had not been encountered by the drivers in the past was more
likely to get their attention (similar to an unusual sound getting someone’s attention). If
this was the case, there should be a large decrease in yielding behavior over time;
however, this was not found. The follow-up data (Experiment 1) showed that the systems
were still associated with high yielding behavior 1 and 2 years after installation. It
appears that the system’s LED lights and sequence were such a salient and prominent
stimulus that they obtained drivers’ attention over other competing stimuli and
distractions that they were exposed to when driving.
These results show that the rectangular LED yellow rapid-flashing beacon
appeared to be an effective tool for increasing the percentage of drivers yielding right-ofway to pedestrians in crosswalks at sites where drivers rarely yield to pedestrians, i.e.,
low baseline compliance. Therefore, it should be a valuable tool for improving the
pedestrian level of service at marked uncontrolled crosswalks. When used in conjunction
with advance yield markings, it may also greatly increase the safety at uncontrolled
crosswalks at high ADT multilane sites. As more sites are installed, a crash study should
be conducted to determine if RRFBs increase the safety of crossings at high ADT
multilane sites.
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The result of the study evaluating whether the use of novel lane markings at
decreasing motorists’ speed, increasing headway, and diverging traffic is not conclusive.
Site 2 at Experiment 5 showed a decrease in speed and an increase in vehicle headway.
This is important because, traditionally, there has been an inverse relationship between
speed and vehicle headway. That is, as vehicles slow down, they become more closely
grouped together. However, the other site of this experiment was associated with an
increase in speed and no change in vehicle headway after the lane markings were
installed. The same site associated with a decrease in speed (Site 2) was also associated
with an increase in positive trajectory and a decrease in negative trajectory. However,
again, the average trajectory diversions of the first site were not as consistent in that the
proportion of negative trajectory for one lane actually increased following installation of
the lane markings.
The results of Experiment 5 on motorists’ trajectories showed increases in the
average distance between vehicles over baseline for each site. That is, if the average
negative and positive values of each lane are averaged together, there is an overall
increase in trajectory. However, the increase at Site 1 was only 30% of that at Site 2,
e.g., 4.5 inches and 12 inches, respectively. This may be due to the phenomenon of
tracking. That is, motorists may be using the novel lane markings as a guide and riding
along the line instead of some distance off the line. Another explanation may be
attributed to the first research site, Central Avenue, being located at a school crosswalk.
It was observed that twice each day crossing guards would be present and place traffic
cones on the roadway during data collection. It should be noted that no video was
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analyzed when the guards and cones were present. The presence of the guards and traffic
cones at the Central Avenue site had an effect of decreasing vehicle speed as evidenced
through Nu Metrics’ software printout (Appendix B). However, this site was associated
with an increase in speed following installation of the lane markings. While the presence
of these two confounding variables would average-out in regards to speed if present
during both baseline and treatment conditions, the increase may have been due to school
being out that day and thus the average speeds increased for that 24-hour period. Since
the traffic-loggers were placed on the roadway after video data collection had been
completed, it is not sure if school was out that day. It has been suggested (Frederick,
2010) that another explanation for the variability in speed at this site, or any location in
general, is that from any day to the next vehicle speed and traffic volume can fluctuate
significantly. Therefore, it is suggested that future research involving altering the width
of travel lanes and the use of diverging lane markings record data for multiple 24-hour
periods to establish a more reliable baseline before roadway alterations are made.
An explanation of why the RRFB devices were highly effective at eliciting
yielding behavior at locations with high ADTs may be found in examining the
establishing operations (EOs) involved in motorists’ yielding behavior. Michael (1983)
described EOs as a stimulus condition, environmental event, or an operation that affects
the behavior of an organism by increasing or decreasing the reinforcing effectiveness of
other environmental events. Laraway, Snycerski, Michael, and Poling (2003) extended
the work of Michael (1982, 1983, 1988, 1993a, 1993b, and 2000) by suggesting that the
term motivating operation be used since the term establishing operation only implies an
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increase in the effectiveness of a consequence as a reinforcer or punisher, however,
motivating variables decrease the effectiveness of consequences. It is, therefore,
suggested that yielding to pedestrians on roadways with high ADTs serves as a
motivating operation that has an abative effect (Laraway, Snycerski, Michael, & Poling,
2003) of suppressing the behavior of yielding. As ADT increases, the probability that a
motorist who suddenly yields to a pedestrian will be struck from behind by another
vehicle increases, e.g., increases in traffic are negatively correlated with following
distance. That is, the response-cost of yielding to a pedestrian on roadways with high
ADTs is high. However, it may be plausible, as evidenced in above results, to suggest
that if a motorist has an extended amount of time to yield, i.e., slowly coming to a yield
or stop, that the likelihood of the motorist yielding increases. In such a situation, the
yielding motorist does not have to engage in hard braking that would likely result in a
rear-end accident. Also, if a motorist is aware of a crossing pedestrian with enough of an
advance they are not only able to safely yield but do not have to come to a complete stop.
Therefore, they engage in a slow-rolling yield. This type of yielding does not require a
motorist to have to accelerate as much, after the pedestrian crosses, to obtain their preyielding speed, thus, farther decreasing the response-cost of yielding.
The unusual and salient stimulus of the RRFBs may also serve to establish
authority and priority of the pedestrian to the motorist. This would be similar to the
effect that emergency vehicle lights have on motorists. Emergency lights on vehicles are
paired or associated with authority, i.e., Relational Frame Theory (Hayes, S., BarnesHolmes, D., & Roche, B., 2001), and motorists generally yield right-of-way. A motorist
89

may receive a ticket for not yielding right-of-way. The probability of receiving a ticket
may result in the motorist self-generating a rule that if they do not yield they will receive
a ticket, i.e., rule-governed behavior (Hayes, S. & Brownstein, A., 1986). Additional
self-generated rules may be similar to “If I do not yield, I will hit the pedestrian. If I hit
the pedestrian, they will be hurt, I may be hurt, there will be many fines and I may go to
prison.”
The activation of the RRFBs may also serve as a descrimative stimulus conveying
that the pedestrian has intent to cross. That is, the pedestrian(s) are not merely standing
on the sidewalk. Crowley-Koch, Van Houten, and Lim (in press) examined the
differential effectiveness of motorists’ yielding compliance during baseline conditions to
conditions in which the staged pedestrian either raised their hand towards traffic or
extended their hand into the crosswalk.
The concern of pedestrian safety not addressed by the current study is related to
pedestrian usage. Motorists are required by law to yield to pedestrians crossing in
marked crosswalks. Pedestrians are also required to cross only in locations equipped
with marked crosswalks (Tidwell, J. & Doyle, D., 1995). In order for the RRFB devices
and lane markings to be effective, pedestrians must use the crosswalks at which these
technologies are present. The traffic calming devices evaluated in these studies do not
ensure that motorists will yield to pedestrians. Additionally, their installation does not
ensure that a pedestrian will cross in the crosswalk (Huang, H. & Cynecki, M., 2000).
Tidwell, J. and Doyle, D., (1995) suggest that pedestrians who behave in an unsafe
manner should be given citations, particularly in corridors containing highways with high
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ADTs. However, this would require vigilant police enforcement in which its absence
would have little to no effect on pedestrian crossing behavior. Therefore, it is also
important to decrease the response-cost to pedestrians for crossing in the marked
crosswalk locations and to activate the RRFB devices compared to traveling to a
controlled intersection and crossing. One important variable associated with the
response-cost to the pedestrian, other than safety, is wait time. Pedestrians often must
wait for a change in the traffic signal, followed by a “WALK” signal, to safely cross
when using controlled crossings. However, once a pedestrian depresses the pedestriancall button located on the RRFB devices, the LEDs are immediately activated. This
immediate activation had a strong correlation with immediate motorists’ yielding. The
decrease in time required to safely cross greatly decreases the response-cost of using the
marked crosswalks.
The cost-effectiveness of using the RRFB devices is high when compared to
traditional approaches. For example, the cost of installing standard over-head yellow
beacons, similar to traffic signals, approaches $100,000. These traditional approaches
also require a higher level of device operation maintenance. If the lights used in an overhead treatment needs to be replaced, the roadway must be closed and special utility
vehicles, i.e., those equipped with vertical lifts, must be used. The cost of installing other
traffic calming measures such as raised crosswalks, roundabouts, or chicanes require road
closures for an extended period. However, the price of the RRFB device ranges from
$10,000 to $15,000 per installation site. The RRFB devices are serviceable by one
person using one 6-foot ladder. Additionally, the RRFB devices’ use of solar panels and
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communication via radio frequency also eliminates the need for installation of utility
wiring in order to provide power and communication sources. These additional
advantages decrease the initial and operating cost of the RRFB devices when compared
to other treatments. Therefore, it is feasible for a municipality, when deciding between
RRFBs and traditional countermeasures, to not only choose the RRFB device for
installation based on its superior effectiveness but also be able to install the devices at
multiple locations for a comparable cost to the installation of one traditional approach.
Traffic signals are not able to produce stopping compliance during red signal
phases 100% of the time. There will be occasions, for various reasons, in which
motorists will fail to stop and “run” the red light. Similarly, it may not be possible to
reliably produce 100% yielding compliance to pedestrians. However, the onus lies with
the scientific community to continue to examine new approaches addressing yielding
compliance as well as modifying existing ones. The scope of the current study provided
an effort to examine both.
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Appendix A
Experiment 5: Methodology Tutorial
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Tutorial for Data Recording

Each data assistant was required to view and review the following training tutorial.
Next, the would meet with the investigator or either a trained assistant with much
experience. Following the meeting, they would be required to view and score a 5
minute video and record their data. The assistants were then required to have their
data scored for accuracy. Remedial training was provided before, or any time after if
needed, assistants were allowed to score experimental video.

•The following presentation will give you an introduction to the theory, method, and
procedures for completing your data analysis portion of this research project.
Our unit of measurement

•To have a unit of measurement that is consistent for each travel lane, two units of
measurement will be needed for each clip of video.
•If the video changes angle or level of zoom, you will need to reset your unit of
measurement. This should not happen often.
•Our unit of measurement will be proportionate to an actual measure we know to
exist.
Here we find the left and right orange road markers and the associated pedestrian
block.
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Here is an example of producing a unit of measurement for the RIGHT side of the
screen in BLUE ink.

End of Pedestrian block
Start of Pedestrian block

Here we have spun the ruler and used a BLACK pen to place the marks of where the
pedestrian block starts and ends for the LEFT side orange marker.
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•Since we know that each pedestrian box is 1 ft. wide, it will serve as a base unit.
•To begin, you will need to place a strip of masking tape along a straight edge (ruler).
•Cue your video and pause it when there is no traffic blocking your view of a
pedestrian block.
•Place one end of your straight edge to one corner of the pedestrian block (for
example the ped block on the right side of the screen where the orange marker is
located) and align it along the bottom of the pedestrian block.
•Next make marks on the tape where the pedestrian block starts and stops.
•Make sure to measure only the blocks where the orange road makers are located.
•Now you have a measurement that represents exactly 1 foot of distance for the
RIGHT side of the screen.
•NOTE that since the video is taken at an angle, you will have to do the above
procedure for obtaining your unit of measurement once for each video clip for the
RIGHT side AND the LEFT side.
•Since the left pedestrian block is closer, that block will appear to be larger than the
one on the right, but we know they are actually the same.
•I suggest using black ink to make your marks on your straight edge for the left side.
Spin your straight edge 180 degrees and use blue ink for making your unit for the
right side.
•Now that we have a basic unit of measurement, we need to produce a more refined

method of measurement. Having a measurement that only records one foot at a time
is not precise enough.

•To accomplish this, you will need to have a second ruler. Place that ruler along the

other and measure, for example, how far apart the two black ink marks are from one
another (in millimeters).
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•You may then half that to get a measurement that represents 1/2 foot or 6 inches.

Repeat this procedure to produce measurements for 1/4 foot (3 inches) and 3/4 foot (9
inches).
•You may need to double/triple your measurement calculations so that you can
measure up to 3 feet.
•Now, repeat the above for the other side of your measurement device (both black and

blue marks).

By rounding to the nearest mm and performing some simple division and addition we
have produced our units of measurement for vehicles in the Right travel lane.
Label below each vertical line drawn with the corresponding unit.

•You will notice that the base unit of measurement for the right side will be smaller
than that of the left side.
•For example, the previous slide represented the right side and it was 9.25cm.
However, the same process for the same screen shot on the left side produced a base
measurement of 11.25cm.
•These two measurements can be broken down in the same manner and assure equal
measurement (proportionately) for both the left and right side vehicles.
Measuring Guidelines
•Understanding how to establish the Point-of-Reference
–Establishing a point of reference on the screen from measurements we know to exist
at the research location affords accurate and consistent measurements.
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•Since we can deduct one reference point (e.g., the yellow line) from our orange
marker, we can take a measurement from any point along that side of the white
pedestrian box to the measurement point of a vehicle’s tire.
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•This will be of importance since it will not be possible, when pausing video to
measure a vehicle, for the video to be stopped such that the vehicle is in a position
that it can be measured directly from the orange marker (i.e., the corner of the
pedestrian box). View next slide for example.
•Since this vehicle cannot be paused along side or on the same plane as the marker
(i.e., the next frame of video places the tire past the pedestrian block), we can place
our ruler under the tire in a manner similar to the green line below. Then, from our
measurement on the tire (view previous slides for reference) we can observe the
distance from our marker on the tire to where the ruler (Green line) intersects the
Yellow reference line.

The logic for establishing reference points for vehicles in the LEFT travel lane also
works for those in the RIGHT Travel lane. In fact, only one BLUE line of reference
that spans the screen from the left orange marker to the right orange marker should
work. This will be done best by a single strip of masking tape. However, if one strip
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does not align across the screen, this can be accounted for by the asymptotic nature of
the roadway surface, and you can use a single strip on each side of the screen.
A yellow line of reference can be established on the right side similar to that on the
left.

Due to the curvature of a vehicle’s tire, the guideline below will be adhered to for
measuring distance of a vehicle in the LEFT travel lane.
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Since we have clear sight to the side of a vehicle in the Right travel lane, the
guideline below will be adhered to for vehicles in the RIGHT travel lane.
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Method for establishing your reference points on your TV screen
•Once

you have an understanding of how and why to take measurements, you will
need to replicate the points of reference on the previous slides onto your TV screen.
•The

best way to establish points and lines will be through the use of clear or
“Scotch” tape and masking tape. This will allow you to establish straight lines that
you can see through and will easily peel off.
•The

following slides will provide examples of how your TV screen should be set up.

•NOTE

that each time the screen zooms in or out (other than the minor adjustments
the camera makes itself when a vehicle passes and it must auto re-focus) you will be
required to check your reference points you have placed on your screen and assure
that they are still aligned. If not, you will need to go through the process again to reestablish your reference points and lines for accurate measurements (replace your
tape strips).
•You

will also need to repeat the above process if the video shifts to another clip (i.e.,
two clips have been edited/spliced together into one).
Below, two strips of tape have been placed on the screen. The bottom strip is aligned
with the bottom of the pedestrian crossing blocks and is similar in theory to that of the
blue line on previous slides. This strip should be masking tape for reasons explained
later.
The top strip of tape is aligned with the side of the pedestrian box similar in theory to
that of the yellow line on previous slides. The inside edge of the this strip will serve
as our reference guide. For imaging purposes, this tape is masking, however, you
should use clear tape for two reasons. First, you will be able to see through the tape
and accurately measure vehicles to the left and right of the edge of the tape
represented by the yellow line on this slide. Second, in person, you will be able to see
the leading edge of clear tape on your screen, just not through these images.
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When measuring the distance between our established point on a vehicle’s tire and
our reference line that is associated with our road marker, it will be important that the
correct angle of measurement is used.
The correct method is provided below.
Here, we observe several things for correct procedure.
1.Our strips of tape have already been aligned and placed on the screen.
2.A vehicle has been paused for our measurement.
3.A ruler has been placed on the screen for measuring.
4.In order to keep the ruler at the same angle as the strip of tape, we notice the dark
area created by the strip of tape on the screen being under the strip of tape placed on
the ruler. This is an overlap of tape.
5.Notice how the darkened area remains constant. This assures two parallel lines: the
strip of tape and the ruler.
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Now that our measurement instrument is in the correct location with correct
alignment, we may now record the distance in accordance with our determined units
of measurement.
Notice that if we place our “0” at our determined measurement point, we would
measure to where our ruler intersects our reference line.

This picture is similar to what your screen may look like once you have established
your lines of reference. However, the top lines will be in clear tape.
Note, that now you will have both your bottom line for establishing what angle to
place your ruler (blue line) and at what point (along yellow line) to stop measuring
(the intersect).

Entering and maintaining your data sheet
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You will enter your data into an Excel spreadsheet.
It will be important to maintain accuracy when entering data to assure correct and
accurate records and analysis.
•Below is a sample of what the data sheet will look like.
•For each session you observe you will record:
•disk number you are currently viewing
•the vehicle number (i.e., how many cars have been recorded thus far) & color
(for better referencing if needed later)
•the distance the vehicle was to the left or right of the travel marker for the left
or right travel lane.
•For each vehicle, you should only be entering ONE value related to measurement
since each vehicle represents only one number. Therefore, only one value entered
into either a positive or negative number for either the Left or Right travel lane.
•If it is not possible to record a vehicle due to another vehicle blocking it you should
still record the vehicle number and color and enter its distance as an “NA” in the
appropriate travel lane column (if it is in the left or right lane). Since no
measurement can be obtained, insert the “NA” into the positive column of the
respected travel lane for consistency.
•Since it is possible for any one disc to have over 400 vehicles, you only need to enter
the disk number when you change disk/start a new disk. It is not necessary to enter
the disk number for each vehicle.

Below is an example of what your first row of data may look like.
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Some other guidelines and rules for observing/recording video data
•Insert disc and cue video.
•Mute volume.
•Wait approximately 5-10 seconds after play begins for camera to adjust.
•Pause and advance/retreat for each vehicle to be observed frame-by-frame.
•Once your measurement is recorded into the spreadsheet, continue playing until next
vehicle.
•Do not record distance data for a vehicle if:
–It is blocked by another vehicle
–Is changing lanes
•Acknowledgeable by observing a blinker flashing, head is turned checking next lane,
their travel path obviously changes as the vehicle progresses through the
intersections, or any combination of the above.
–If a vehicle is progressing extremely slowly.
•This is usually proceeded by observing a pedestrian walking across the screen that
has previously activated the pedestrian crossing lights out of camera view.
–If a vehicle is turning left/right.
•When placing your reference points on the screen, it is important that the height and
angle of which you are setting in relation to the screen remains constant. Due to the
thickness of the glass of a TV screen, any change in the angle of which you are
setting (up, down, left, right) will change the perceived relation of the screen and
tape.
–Simply put, use the same chair set at the same height.
•If you have any questions regarding the procedure or any particular vehicle is in question, contact the

lead investigator.
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Appendix B
Experiment 5: Nu Metrics Data Set
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HSIRB Protocol
The Use of LED Treatments, Lane-restricting Tape, and
Proximity Prompts to Increase the Safety of Pedestrians
at Mid-Block Crossings
Ron Van Houten, Ph.D., Principal Investigator (PI)
Jimmy Shurbutt, M.S., Student Investigator (SI)

A B ST R A C T
Pedestrian deaths account for approximately 5000 deaths annually in the United States. Many of these
deaths involved pedestrians that were struck in crosswalks by drivers who failed to yield right-of-way to
the pedestrian. Although motorists are required by law to yield right-of-way to a pedestrian in a
crosswalk, many fail to do so. A number of devices have been developed to increase motorist’s yielding
right-of-way to pedestrians. One system that has proven highly efficacious in preliminary research is
the use of yellow rectangular stutter beacons that are activated when the pedestrian uses the
crosswalk. The purpose of this study is to evaluate the efficacy of rapid-flash LED devices with an
added proximity prompt at crosswalks on multilane roads (Appendix 1). The proximity sensor addition
will deliver an audible prompt when an individual is detected in close vicinity to the LED push-button.
The use of lane-restricting road tape will also be used in an effort to decrease the possibility of a
multiple threat occurring and increase yielding. All of these installations have been approved by the US
Department of Transportation and this research is being carried out as part of an evaluation funded by
the US Department of Transportation to determine the most effective ways to employ rapid-flash LED
devices and traffic calming techniques (e.g., lane-restricting tape). Dr. Ron Van Houten is part of the
evaluation team.

PUR POSE /B A C K G R OUND I NF OR M A T I ON

Most pedestrian/motor vehicle crashes occur in urban areas. In the United States, pedestrian fatalities
averaged 5000 per year over the five-year period between 1997 and 2001 with almost two-thirds
occurring on urban roadways (Shankar, 2003). In 2001, 4882 pedestrians were killed and 78 000 were
injured in traffic crashes in the United States with 69% of the fatalities occurring in urban areas (U.S.
Department of Transportation, 2001). One approach to reducing pedestrian injuries and casualties is to
promote safer pedestrian and motorist behaviors. One way to improve pedestrian safety is to alert
motorists when pedestrians are crossing in a marked crosswalk that is not protected by a traffic signal
(Van Houten & Malenfant, 2000; Van Houten, Healey, Malenfant & Retting 1999). The Federal Highway
Administration is examining the use of several LED rapid-flash beacons similar to those used on
emergency vehicles to alert motorists when pedestrians are crossing in crosswalks. The purpose of this
experiment is to collect before and after data at several of the sites where rapid-flash beacons are being
installed under permission to experiment from the Federal Highway Administration.

SUB J E C T R E C R UI T M E NT

This study will be conducted using naturalistic observation procedures. No formal recruitment process
will be used. Participants will include pedestrians using the crosswalks under and motorists who yield or
fail to yield right of way to them. The responsibility of the Western Michigan team will be to collect some
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of these data and to evaluate all of the data collected. We will be observing public behavior in this study
available to anyone standing on the sidewalk. Therefore we do not plan on recruiting subjects nor do
we plan interact in any way with drivers or pedestrians and we do not plan to obtain driver or pedestrian
consent.

I NF OR M E D C ONSE NT PR OC E DUR E

Following the conventions of naturalistic observation, no informed consent will be collected. All data will
be aggregated; no identifiable individual participant data will be collected or noted. The data collection
procedure will be unobtrusive and does not require any effort on the part of the participant. The request
for waiver of informed consent is located under Appendix 2.

R E SE A R C H PR OC E DUR E

Participants & Setting
Participants will be all drivers traveling on the four-lane divided roadways where the crosswalks under
study are located. The crosswalks under study are two crosswalks in the city of St. Petersburg, FL.
Other participants will include those using two mid-block crossings located in the city of Mundelein, IL.
General Procedure
During each session, data will be collected on a sample of 20 pedestrians crossing the street when
vehicles are present that could influence crossing behavior. Data will be collected during daylight hours
when it is not raining because pedestrians are less likely to walk when it is raining, and occasionally
nighttime hours. Typically, only one or two data sheets will be filled in per day at each site. However, on
some occasions it may be necessary to collect more than one data sheet to make up for data lost
because of rain. Data will either be collected by direct observation on site or scored from videotape as
determined by financial exigencies.
Observers will measure the following 4 behaviors: the number of drivers who do yield and the number
that do not yield to pedestrians in crosswalks, whether or not the pedestrian activated the device, and
the travel paths of the vehicles.
Measures
Driver yielding to pedestrians. Observers will score the percentage of motorists yielding and
not yielding to pedestrians. A motorist will be scored as yielding if he or she stops or slows to allow the
pedestrian to cross. A motorist will be scored, as not yielding if he or she passes in front of the
pedestrian but would have been able to stop when the pedestrian arrived at the crosswalk. We will use
the formula used by traffic engineers to determine whether a driver could have safely stopped at a traffic
signal to determine whether the driver could have stopped for a pedestrian. Calculating the distance
beyond which a motorist can safely stop for a pedestrian is essentially the same problem as calculating
the distance in advance of a traffic signal that a motorist driving the speed limit can stop if the traffic
signal changes to red. Traffic engineers use the signal-timing formula (Institute of Transportation
Engineers, 1985), which takes into account driver reaction time, safe deceleration rate, the posted
speed, and the grade of the road to calculate this interval. This formula will be used to measure the
distance beyond which a driver could easily stop for a pedestrian by multiplying the time by the speed
limit, and a landmark will be placed at this distance on each side of each crosswalk by marking the curb
with colored tape or a small traffic cone. Motorists who have passed this landmark when a pedestrian
enters the crosswalk can be scored as yielding to pedestrians but not as failing to yield. Motorists
beyond the landmark when the pedestrian entered the crosswalk can be scored as yielding or not
yielding because they have sufficient distance to safely stop. When the pedestrian first starts to cross,
only drivers in the first half of the roadway will be scored for yielding. Once the pedestrian approaches
within a half lane of the median, the yielding behaviors of motorists in the remaining two lanes will be
scored. This procedure will be followed because it conformed to the obligation of motorists specified in
most state statutes.
Vehicle Travel Paths

143

A video recorder will be placed alongside the roadway in such a manner as to measure the
distance between two adjacent vehicles as they yield to the pedestrian and pass through the crosswalk
both before and after the lane-restricting tape is applied. Since the crosswalks at each location will be
marked in similar fashions, a point of reference will be selected that is the same for each crosswalk.
Once lane restricting tape is applied, the distances between any two adjacent vehicles should increase
as they get closer to the base of the triangle. The tape is being applied by the city of St. Petersburg, FL
and has been approved for installation and evaluation by both the City Transportation Engineer and the
Federal Highway Administration.
Button Presses
The number of button presses will be expressed as a ratio of the number of trail users that do
press the activation button (proximity on and off) to those that do not (proximity on and off).
Inter-observer agreement. A measure of inter-observer agreement will be obtained by having
two observers independently score yielding, yielding distance and conflicts during at least two recording
sessions at each site during each experimental condition. During sessions when inter-observer
agreement data will be collected, the two observers will stand a meter apart or will score tapes at
different times to ensure observer independence. When more than one pedestrian is crossing at a
particular crosswalk at the same time, the primary observer will identify which pedestrian is the target
for observation and recording. This will be necessary on those occasions when pedestrians cross from
both ends of the crosswalk. A measure of inter-observer agreement will be computed by dividing the
number of agreements on the occurrence of each target behavior by agreements on the occurrence of
the target behavior plus disagreements. An agreement on stopping distance will be scored when both
observers score the driver as stopping at the same distance in advance of the crosswalk and an
agreement on the occurrence of conflicts will be scored when both observers scored an event as a
conflict.

M E T H ODOL OG Y
The experiment will be using two separate designs. The designs involved include a reversal and a
multiple baseline. A reversal design involves replication logic. Following a baseline condition during
which the treatment is absent the treatment is introduced, removed and reintroduced in order to
demonstrate causality. The reversal design will be used at the location in which the efficacy of the
proximity prompt is measures. A Multiple baseline design evaluates baseline data followed by
treatment data that is implemented in progressive sequencing in a step-like manner. This design will be
used at the two locations in which the lane-restricting tape is being used.
Data Analysis
Opaque analytical methods will be used to determine if changes in trend or level are statistically
significant. Dr. Brad Huitema, a statistician will assist us in performing the data analysis.
Dissemination
Results of the two experiments could be used as a dissertation, and the results will be submitted as part
of a final report to the Federal Highway Administration, the National Committee on Uniform Traffic
Control Devices and published in a scholarly journal. Results could also be presented at professional
conferences and/or meetings. Due to the nature of the data collection procedure no individual data will
be collected or presented. Results will also be used to satisfy dissertation requirements.

R I SK S A ND C OST S T O A ND PR OT E C T I ONS F OR SUB J E C T S

Observation of driver’s behavior should not change driving risk or pedestrian risk in any way. The
interventions being evaluated by the cities have been shown in the past to reduce pedestrian risk while
having little effect on driving risk.
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B E NE F I T S OF R E SE A R C H
Research on evaluating several common ways of implementing the rectangular stutter flasher should
help determine how to maximize the safety benefits of this device, which should reduce the number of
pedestrians struck in crosswalks.

C ONF I DE NT I A L I T Y OF DA T A

No individual participant’s data will be recorded nor reported in anyway. Aggregate data which is
collected for this study will be maintained in accordance with the requirements and recommendations of
the American Psychological Association.
Appendix 1: Request for Informed Consent Waiver

W A I V E R F OR A L L E L E M E NT S OF I NF OR M E D C ONSE NT
We would like to request a Waiver for all elements of informed consent for our proposed research. We
have outlined the justification for this waiver, below.

M I NI M A L R I SK T O SUB J E C T S
We anticipate minimal risk to subjects based on the covert and anonymous nature of the observation
technique.

R I G H T S A ND W E L F A R E OF SUB J E C T S W I L L NOT B E A DV E R SE L Y
AFFE CT E D

Since observers will have no direct interaction with subjects, and the intervention will not impose any
restrictions or intrusions on subjects, we anticipate that the rights and welfare of research subjects will
be not affected.

R E SE A R C H C OUL D NOT B E C OM PL E T E D W I T H OUT W A I V E R

Because we are observing large numbers of vehicles traveling on a public roadway, it would not be
practical to obtain informed consent for each one even if it would be safe to stop and detain the drivers
(which would involve a violation of their civil rights).

I NF OR M A T I ON W I L L B E PR OV I DE D W H E N A PPR OPR I A T E

It would be difficult if not impossible to provide information to members of the public being observed in
this study, so no information will be provided.
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Appendix D
Assistant Recruitment Flyer
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SUMMER II & FALL 2010 RESEARCH!
ARE YOU A PSYCHOLOGY MAJOR?
INTERESTED IN EARNING 1-5 RESEARCH
CREDITS?
THOSE WHO PARTICIPATE WILL BE REQUIRED TO
OBSERVE AND SCORE VIDEO DATA INVOLVING
TRANSPORTATION SAFEY.
TRAINING WILL BE PROVIDED. THOSE WHO
COMPLETE TRAINING WILL BE ABLE TO DECIDE ON
THEIR LEVEL OF INVOLVEMENT/WORK DEPENDING
ON HOW MANY CREDIT HOURS THEY WOULD LIKE TO
RECEIVE (1-5).
FOR MORE INFO SEND INQUIRIES TO:
JIMMY.W.SHURBUTT@WMICH.EDU

START ASAP!!!
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